January  2005 

WWW.  MtsVoite . com 


A VIDEO  SIGNAL 

Get  in  Sync  With  the  Basics 


LEDs,  the  Easy  Way 
Exploring  PID 

Those  Enigmatic 
Interrupts 


0/0/0/. 


Executing  65,000  lines  of  Basic  code  per  second  the  BasicX-24 
is  the  KING  of  Basic  programmable  microcontrollers. 


400  bytes  RAM. 

32K  User  program  area. 

19  I/O  lines'with  8 lOBit  ADC’s. 

Real  multitasking  and  Serial  UARTs. 
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Siteplayer  is  a true  stand 


mini  web  server. 


Super  easy  to  use. 

Standard  RJ-45  network  interface. 

Control  or  monitor  anything  over  the  web. 


— 7~  y — /•■afrV 

a/ u/ a/.  ^/7^/zrA^  com 

High  quality  serial  2x16  LCD  with  backlight 

Easy  to  use. 

2400  & 9600  Baud  support 
Software  controllable  backlight  and  contrast 
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Cellphone  Headsets! 

I ♦ For  hands-free  cellular  phone  users 
| ♦ Several  popular  types  available  (see 
model  numbers  below) 

| ♦ Special!  -qty  discount  package, 
40pc.  carton. ..$100.00! 

I ♦ Great  gift  for  family  & friends! 

♦ Brand  new,  factory  retail  pack 

♦ HSC  90-day  warranty 


Ethernet  Xceiver! 

I ♦MT-RJ850nm VCSEL2x5Tranceiver, 

| ♦ IEEE802.3Z,  1000BASE-SX,  1 .0625/ 

1.25  Gbps 

| ♦Channel  class:  100-M5-  ^ 

SN1 , 100-M6-SN1  ♦ 

| ♦ Class  I laser  safety  with- 
out OFC  circuit 
I ♦ Single +3. 3VDC  operation, 

< 0.6W  PwrDis 

|HSC#20273  $29.95! 


♦ For  Ericsson  738/788/628/688/630  phones 

|HSC#20246  $3.95 

| ♦ For  Nokia  61 1 0/61 30/51 10/51 30/7 110 
phones  (shown) 

|HSC#20247  $3.95 

I ♦2.5mm  conn,  type  for  Nokia  8810- 

useable  w/  Motorola,  many  other  phones! 

|HSC#20248  $3.95 


Color  Touch  Screen! 

♦ ALPS  LFH8P4032E 

♦ 4-wire  touchscreen  intfce. 

♦ 240x320  diag.  LCD  STN 
display  w/CCFL  backlight  (no  inverter  incl.) 

♦ 2.75” x 3.50” x 0.375”  Special!...2/$59.95! 

♦ For  info,  see  http://hubbard.engr.scu.edu/ 
embedded/  Icd/lfh8p4032b/lfh8p4032b.  html 

HSC#19827  $39.95 


Wireless  Video  System! 

I ♦Tiny  3/4  in.  color  camera  w/transmitter! 

♦ Receiver  is  tuneable  for  best  signal 

♦ 9VDC  batt.  conn,  for  portable  camera 

♦ AC  power  packs  for  both  units! 

♦ RCA  plugs  for  A/V  out, 

♦ ‘F’ conn  for  whip. 

♦ New, 90-day  warranty 

|lHSC#80748  $59.95! 


Ultrasonic  Range  Sensor 

♦ Similar  to  SonaSwitch ‘Mini-S’ 

♦ Mounts  in  1 .575”  hole!! 

♦ Fixed  range:  5-7  feet. 

♦ Rep.  sense  rate:  10Hz 

♦ See  http://www.halted.com  for  tech  info 

♦ HSC  90-day  warranty 


HSC#19833 


$9.95 


Compac  tPCI® 
Enclosure  Package! 

I ♦CGMupac’s ‘535  Series’ 

♦ 19”  rackmntable9U  cabinet  | 

| + 3-350\N  hot-swappable 
front-pull  power  supplies 
| ♦ 21 -slot  6U  x 160mm  front  &6Ux  80mm 
rear  IEEE1 101.10/1101.11  Compliant 
CompactPCI  subracks 
| ♦ Hot-pluggablefan tray w/2 141  CFM 
top-mntd  blowers,  bottom  blowers  also 
| ♦Two  front-pull  drawers  for  SCA-type 
SCSI  hard  disk  drives 
| ♦Bonus!  ’Force’  “X86”  plug-in 
included  at  no  extra  charge!! 
Complete  ‘X86’  computer,  233 
MHz,  w/VGA,  PIO,  SIO,  USB, 
lOBaseT  and  floppy  disk  drive!! 

I ♦ Unused  - removed  from  installation 

HSC#20249  $295.00 


HSC  Exclusive  - Pixie2! 

♦ Tiny  QRP  Xcvr  rig!  200-300  mW  out 

♦ Kit  incl.  all  board-mounted  parts 

♦ Use ‘walkman’ phones 

♦ QRP  crystal  pack  special! 

Finally!!. ..40, 30, 20, 17, 15  & 

10  meter  calling  freqs.  in  one  bag! 

HSC#crystalpak  $14.95 
HSC#Pixie2  $9.95 


Hobbyist  Alert  - Motors  on  the  Web! 

Here  is  a sample  of  the  way  our  website  is  growing...  have  a look  at  some  of  the  motors  we  offer!  I 
From  time  to  time,  we  will  show  you  some  of  our  vast  inventory  here  in  this  ad,  but  if  you  want  | 
to  see  more,  go  to  WWW.HALTED.COM  for  the  full  story.. .we  are  uploading  all  the  time! 

Motor  Type 
1.5V 

1.5V  .5  AMP 

115  VAC  LEAD  SCREW  REQ.  10  WATT 
1 1 5V  25W 1 500  RPM  W/GEAR  REDUCTION 
115VAC  1/12  HP  3450/2850  RPM 
12-24VDC  17000RPM 
120V 

1 20V  60HZ  60RPM  .82/1 0 MFD 
1 20VAC  2.75  AMP  1/1 5 HP  900/1 050  R 
1 20VAC  21 3MA 1 5.482RPM 
12VDC  50  OHM  1 5DEG  4PHASE  STEPPER 
12VDC  50  OHM  STEPPER 
12VDC  50  OHM  STEPPER 
12VDC  50  OHM,  3.75DEG,4PHS, STEPPER 
18.5  VDC  HOBBY 
24VDC 

24VDC  1 1 0 OHM  7.5DEG  4PHASE  STEPPR 
3-6VDC 
3V 1 AMP 

5.8VDC  1 .26A  .1 25X.35  SHAFT 
6VDC  NOM.  10000RPM  .135  SHAFT 
9-24VDC  1 5,000  RPM 
ASSY  DC  HOBBY 
DC 

DC  FF130RH 
DC  HOBBY 

DC  WORM  DRIVE  WITH  DRIVER 
GEARED  115  VAC  300  RPM 
HOBBY 
STEPPER 
STEPPER 

STEPPER  1.2A  3.3  OHM 
STEPPER  1 .8DEG.  2.2V  3.0A 
STEPPER  1 0.6V  5 DIG  STEP  35  0Z  TO 
STEPPER  12  VDC  LEAD  SCREW  REQ. 

STEPPER  1 2V  .1 5A 1 .8  DEG 
STEPPER  12V 8W 
STEPPER 12VDC 
STEPPER  12VDC  75  OHM 
STEPPER  2 PHASE  1 .8  DEG  PER  STEP 
STEPPER  2.1V  3. 4 A 2PHASE  MTG.BRKT 
STEPPER  24V 1 6.7W  GEARED  IMP.PROTEC 
STEPPER  24VDC,  12  OHM 
STEPPER  24VDC,  9 OHM 
STEPPER  3.5V  1 .5A 1 .8  DEG  STEP 


Mini  Phone! 

♦ Miniture,  Ultra-Light  w/belt  clip 

♦ Has  redial,  stores  10  numbers,  flash/call 
waiting,  hook  on/off,  mute. ..MORE! 

♦ Headset  has  2.5mm  plug,  will^ 
work  with  some  cellphones! 

♦ 3 ringer  tones,  speed  dial! 

♦ 15’ cord,  adapter  included 

♦ New,  HSC  90-day  warranty 

HSC#20244  $9.95 


System  Accessories 

I ♦ Force  CPCI-680  CPU,  450MHz,  128MB 

♦ Fast/Wide  SCSI , Linux  compatible 

♦ Universal  Mode  PCI-PCI  Bridge 

J HSC#  20426  $195.00!  | 

I ♦ Extra  plug  in  350W  switching  power 
supply,  incl.  CPCI-3500-P-38 

I Power  Supply  $125.00!  | 


Power  Supplies! 

I ♦ ’Potrans’ Mod.  No.  PP-303X 
♦ 300W,  Std.  ATX 


HSC#20190 


$14.95  | 

I ♦ ’Power  Computing’  Mod.  No.TCX-20D 
♦ 200W,  Std . ATX  ^ 1L 


HSC#19721 


$12.50 


Electronic 
B Ii3v  Supply 


HSC# 

Price 

18855 

$2.95 

19296 

$2.50 

13184 

$7.50 

17366 

$37.50 

14645 

$14.95 

19358 

$4.50 

11815 

$3.95 

18971 

$4.95 

14709 

$9.95 

19679 

$3.95 

20264 

$2.95 

20265 

$2.95 

20262 

$2.95 

92682 

$2.95 

17523 

$1.95 

18394 

$1.95 

20263 

$2.95 

19683 

$1.95 

19295 

$2.95 

18899 

$2.50 

18758 

$2.50 

19669 

$1.95 

17211 

$4.95 

19697 

$2.95 

18136 

$1.95 

20092 

$ .99 

19796 

$4.95 

13186 

$7.50 

19034 

$1.50 

18491 

$4.95 

19583 

$2.95 

19784 

$12.50 

19849 

$17.50 

17453 

$9.95 

13183 

$9.50 

18490 

$4.95 

465 

$15.00 

17875 

$9.95 

19668 

$4.95 

20000 

$14.95 

19999 

$19.50 

15787 

$4.95 

19701 

$4.95 

19700 

$5.95 

18863 

$6.50 

Special  Bargains!! 


Dot  Matrix  Display 

#19429  $8.00 


Cabinet,  7-Bay 

#80544  $20.00 


VideoWAVE  Editor 

#19656  $9.95! 


Laptop  Floppy  Drive 

HSC#20180  $14.95 


12VDC  Adapt. 

HSC#19312 


3.4A 

$9.95 


33.6k  Socket  Modem 

HSC#20217  $4.95! 


Cordless  LAN  Card 

#19737  $6.00! 


Internet  TV  Appliance 

#20027  $29.95! 


Cabinet,  Rack  1U 

#19437  $9.00! 


Cordless  USB  Adap 

#19738  $6.00!  I 


80W  Power  Supply 

#18415  $5.00 


1 50W  Power  Supply  | 

#19266  $8.00 


‘Mylex’  RAID  Card 

Digital  Multimeter  New  Price!  1 ai-  ru,t  0 ‘ v'aoc  200W  Power  Supply 

#AEEC1 504  $14.95!  #19427  $15.00!  #19976  $19.95  #19267  $10.00 

You  can  get  more  info  about  any  of  these  items  on  our  website! 


/ 


Since  1963!... 


3 Retail/Wholesale  Locations: 

Main  Office  - Mail  Orders... 

3500  Ryder  St.  Santa  Clara,  CA  95051 
Santa  Clara  1 -408-732-1 573 

Sacramento  1-916-338-2545 

Rohnert  Park  1 -707-585-7344 


r Silicon  Valley’s  Electronic  Marketplace 


Look  for  us  on... 


Order  Toll-Free:  1 -800-4-HALTED(442-5833) 
or.. .ONLINE,  AT:  www.halted.com 


seller  ID: 

hscelectronicsupply 


Terms:  Some  quantities  limited;  all  items  are  subject  to  prior  sale.  Minimum  order: 
$1 0.00  plus  shipping.  Orders  under  $30.00  subject  to  $3.00  handling  fee,  in  addition  to 
shipping.  All  orders  shipped  by  UPS  Surface  unless  otherwise  specified.  $6.00  UPS  charge 
added  for  COD.  Visit  our  website  for  detailed  information  on  domestic  and  international 
shipping  methods. 
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PROJECTS  and  FEATURES 

COLUMNS 

36  SIMPLE  SHADED  POLE  AC 
MOTOR 

Power  your  projects  with  a twist. 

by  Richard  Pa  nosh 


42  THE  EVER-SHRINKING  pC, 
PART  2 

More  exploration  of  the  PICIOF. 

by  Peter  Best 

50  CALCULATING  CURRENT 

LED  circuits,  the  easy  way! 

by  Mark  Dobrosielski 


59  VIDEO  BASICS 

Understanding  what  you  see. 

by  Keith  Jack 

65  PID  CONTROLLER,  PART  I 

Proportional  Integral  Derivative 
control  explained. 

by  Aaron  Dahlen 

71  INTERNET  ANDTHE  PCB 

An  insider’s  view  on  the  collison 
of  these  two  forces. 

by  Robert  Schnyder 


8 MICRO  MEMORIES 

Yamaha’s  early  music  computer. 

14  Q&A 

Doorbell  circuits;  gel-cell 
answers;  Geiger  meter;  and 
more. 


22  NEAR  SPACE 

Hack  cell  phone  batteries  for 
hobbyist  uses. 

28  LET’S  GETTECHNICAL 

Pseudo-random  frequency 
hopping. 


76  STAMP 

Enigmatic  interrupts. 
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Virus-sensing  oscillator;  what’s 
under  your  hood;  and  more. 

INTHETRENCHES 

Considerations  for  analog  to 
digital  conversion. 
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PCB123  Provides  the 
Complete  Circuit  Board  Solution, 
Design  Through  Order 


New  / Enhanced  Features: 


13626  S Freeman  Rd.  Mulino,  OR  97042  USA  DOWNLOAD  THE  NEW  VERSION 

Phone:  (800)  228-8198  x236  / Fax:  (503)  829-6657  @ WWW.pcbl 23.COm 


YOUR  FOR  PROTOTYPE  CIRCUIT 

BOARbS 


Save 

iesign 

lies? 


CIRCUi* 

Successfully  selling  online  since  1997. 
Experience  you  can  trust!  Try  us  out  today  at: 

www.PCBexpress.com/nv 


PCB123  is  a FREE  layout  and  schematic  design  software 
tool  that  quotes  your  board  while  you  design! 


-»  Import  Net  lists  from  multiple  CAD  vendors 
145,000+  parts  library 
-»  2,  4,  and  6 layer  support 
-»  Fast,  accurate  DRC 

Copper  pour  with  net  connectivity 
->  Fine  pitch  autorouter  with  fanout 


Nufs~&  Volts 


Reader  Feedback 


Dear  Nuts  & Volts: 

Just  a quick  request  that  your 
magazine  publish  more  articles 
describing  projects  for  the  PIC 
Microcontroller  that  DO  NOT  involve 
robotics  and  that  DO  NOT  require 
STAMP  programming.  A program  in 
PIC  Basic  that  would  involve,  say, 
model  railroad  block  control  circuitry 
or  block  detection  or  a Christmas 
light  display  would  be  nice. 

Jim  Cavanaugh 
via  Internet 

Dear  Nuts  & Volts: 

Your  December  2004  column 
“Open  Communication”  about  ham 
radio  is  great.  I was  interested  in  just 
that  receiver  kit  when  the  issue 
arrived.  It  cleared  up  many  of  the 
questions  I could  not  find  on  the 
website.  I can’t  wait  until  the  February 
issue  is  here  for  the  transmitter  kit! 

Gene  Arnold 
via  Internet 

Dear  Nuts  & Volts: 

Please  feature  more  analog  "how- 
to-circuits" such  as  op-amps  and 
transistor  circuits.  I know  electronics 
is  constantly  changing,  but  there  are 
still  plenty  of  technicians  around  who 
have  worked  with  these  types  of 
circuits.  There  is  a real  void  now  that 
Radio  Electronics  and  Electronics 
Now  are  gone. 

Frank  Pohs 
via  Internet 

Dear  Nuts  & Volts: 

This  is  my  last  year  in  college 
(engineering)  and  your  last  four 
magazines  were  and  still  are 


extremely  helpful  for  my  senior 
project  class  in  school.  However,  I still 
need  some  help  on  building  my 
project  (a  portable  microcontroller- 
based  electrocardiograph  recorder). 

I'm  looking  for  a way  to  be  able  to 
store  the  collected  data  into  a USB 
Flash  drive  (or  USB  memory  sticks) 
that  can  be  plugged  into  the  device. 

Wilber  Hernandez 
via  Internet 

Dear  Nuts  & Volts: 

While  catching  up  on  my 
magazine  reading,  I came  to  the  nice 
"Just  for  Starters"  article  on  counters 
by  Mark  Balch  in  your  October  2004 
issue.  Mark  mentioned  the  problem  of 
spurious  clocking  due  to  switch 
contact  bounce. 

A few  years  ago,  while  working 
on  a project  with  several  push- 
buttons, I looked  for  a low  parts-count 
solution  and  discovered  a chip  that 
some  of  your  readers  may  not  know 
about  and  may  find  as  useful  as  I did. 

It  is  the  MCI 4490  hex  contact 
bounce  eliminator.  It  is  a CMOS 
device  in  a 1 6-pin  DIP.  Each  of  the  six 
circuits  takes  an  input  signal  from  a 
bouncing  contact  and  generates  a 
clean  digital  signal  four  clock  periods 
after  the  input  has  stabilized.  The 
clock  frequency  (bounce  delay)  of 
the  built-in  clock  is  set  by  a single 
external  capacitor.  You  can  get  this 
device  from  Digi-Key  for  $5.12  each, 
or  $4.10  each  if  you  want  25  of  them 
(www.digikey.com) . 

Bob  E.  Baker 
via  Internet 
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Get  Your  FREE  US$  Priced  Catalog  - all  424  pages! 

Just  fill  out  the  catalog  request  form  at  www.jaycarelectronics.com/catalog 

Check  our  website! 

• All  of  our  6,000+  products  with  search  facilities. 

• 128-bit  secure  on-line  ordering  - safe  & secure. 

• Over  3,500  product  datasheets  & application  notes. 

• And  we're  from  Australia,  so  you  can  trust  us! 


JUST  ONE  OF  OUR  MANY 
GREAT  PRE-BUILT  & TESTED 
CONSUMER  PRODUCTS! 
Map  Reading  Made  Easy! 

XC-0375  $11.95 
The  digital  map 
distance  calculator  is 
truly  a great  device. 

All  you  have  to  do  is 
program  the  scale 
of  your  map,  then 
roll  the  wheel  tip 
along  the  intend- 
ed route.  It  will 
then  display  the 
ACTUAL  REAL 
WORLD 
DISTANCE 
in  miles 

(or  kilometres)  on  the  LCD.  It  is  light 
and  compact  at  around  5-inches  long. 


We  Stock... 


Get  the  Video  Quality  You  Paid 
For  With  Our  Doctor  Video  Kit 

KC-5390  $64.95 
Did  you  know  that  you  are  not 
getting  the  best 
picture  from  that 
expensive  movie 
collection  you  paid  good 
money  for?  Copy  protection 
is  put  in  place  on  videos  and 
DVDs  for  a good  reason,  but 
this  robs  you  of  the  true  high 
quality  reproduction  that  it  is  capable  of.  Get  the  quality 
you  paid  for  and  strip  out  these  annoying  signals!  It  supports 
composite  and  S-video  signals  and  can  be  configured  for 
NTSC  or  PAL  format.  Kit  includes  case,  circuit  board,  all 
electronic  components,  and  clear  English  instructions. 

Note:  Some  SMD  soldering  required. 

Caution:  During  signal  conditioning,  this  unit  removes 
copyright  protection.  Piracy  is  a crime,  & Jaycar  Electronics 
takes  no  responsibility  for  its  potential  for  unlawful  use. 

Remote  Control  Extender  Kit  Mkll 

KC-5209  $13.25 
If  you  have  a source  device  such 
as  a DVD  player  running  to  a TV 
in  another  room,  or  perhaps  a 
HiFi  system  with  speakers  in  the 
other  end  of  your  house,  you 
probably  get  tired  of  walking  to 
the  other  room  just  to  change 
tracks  or  fast  forward  etc.  This 
project  effectively  transfers  the  IR  signal  from  your 
remote  control  and  re-transmits  it  in  the  other  room! 

Kit  includes  case,  circuit  board,  all  electronic  components, 
and  clear  English  instructions. 


Moreinfo? 

www.jaycarelectronics.com 

Theremin  Synthesiser  Kit 

KC-5295 
$34.95 

The  Theremin  is  a weird  musical 
instrument  that  was 
invented  early  last  century 
but  is  still  used  today. 

The  Beach  Boys'  classic 
hit  "Good  Vibrations" 
featured  a Theremin. 

Kit  includes  a machined, 

silk-screened,  and  pre-drilled  case,  circuit  board, 
all  electronic  components,  and  clear  English 
instructions. 

This  product  is  now  available  pre-built  and  fully 
tested  - Cat.  AM-4025  $64.95 

Performance  Electronics 
for  Cars  Book 

BS-5080  $13.60 

Australia's  leading  electronics 
magazine,  Silicon  Chip 
Magazine,  has  developed  a 
range  of  projects  for 
performance  cars.  There  are 
16  projects  in  total,  ranging 
from  devices  for  remapping 
fuel  curves,  to  nitrous  con- 
trollers, and  more!  The  book 
includes  all  instructions,  components  lists,  colour 
pictures,  and  circuit  layouts.  There  are  also  chapters 
on  engine  management,  advanced  systems,  DIY 
modifications,  and  more.  Over  150  pages! 

All  of  the  projects  described  are  available  in  kit 
form,  exclusively  from  Jaycar. 

Check  out  our  website  for  all  the  details. 


Ppra/Jff/zjfjp  . 
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Electronic  Components 


Electronic  Project  Kits 


Test  & Measurement  Equipment 


Power  Products  & Accessories 


50MHz  Frequency  Meter  Kit  with  LCD  Display 

KC-5369  $49.95 

If  you  want  a great  value  frequency  meter,  then  this  project  is  for  you. 

It  features  Autoranging  operation  for  ease  of  use,  switching  between  ^ 
its  three  ranges.  High  resolution  of  0.1Hz  up  to  150Hz,  1Hz  between 
150Hz  and  16MHz,  and  10Hz  above  16MHz.  It  can  be  powered  00}  ^ 
by  a 9V  battery  or  wall  adaptor  (not  included)  and  the  case 
measures  just  5 1/8"  x 2 5/8"  x 1 ".  Kit  includes  case,  circuit  board, 
electronic  components,  and  clear  English  instructions. 


Audio  & Video  Equipment  & Accessories 


Computer  & Telecoms  Accessories 


Security  & Surveillance  Equipment 


jnycnr 


Log  on  to 

www.jaycarelectronics.com/catalog 

for  your  FREE  catalog! 

1-800-784-0263 

(Monday  - Friday  09.00  to  17.30  GMT  + 10  hours  only).  For  those  that  want  to  write: 
100  Silverwater  Rd  Silverwater  NSW  2128  Sydney  Australia 
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M icro  Memories 


by  Edward  Driscoll  Jr. 


Micro  Memories 

The  Yamaha  CX5M: 

The  Music  Computer  — ‘80s  Style 


These  days,  recording  music 
on  a PC  is  a surprisingly 
straightforward  affair.  Once 
you  master  a program  like 
Cakewalk’s  Sonar  or  Steinberg’s 
Cubase,  it’s  a matter  of  if  you  can 
dream  it  up,  you  can  record  it.  With 
programs  like  Sony’s  Acid,  you  don’t 
even  need  to  be  much  of  a musician: 
just  layer  various  loops  to  taste  and 
you  can  start  making  music. 

Back  in  the  1980s,  it  was  a 
different  story.  Back  then,  we  had  to 
walk  barefoot  in  the  snow  for  miles 
— uphill  both  ways  — to  get  to  our 
local  music  store  and  use  stone 
knives  and  bearskins  to  record  our 
music.  And  we  liked  it  just  fine, 
dagnabit! 

Well,  no  we  didn’t  because,  actu- 
ally, we  had  to  use  the  first  generation 
of  mass  produced  computer  music 
technology  and  it  was  pretty  brutal. 

Meet  the  CX5M 

A case  in  point  was  the  Yamaha 
CX5M,  sold  as  a complete,  modular 
music  system.  It  essentially  put  the 
guts  of  a Yamaha  DX21  synthesizer 


inside  of  a CPU  with  a QWERTY  key- 
board and  MIDI  interface.  To  control 
it,  the  keyboard/CPU  had  a multi-pin 
connection  designed  to  accept  a 66- 
key  music  keyboard  (the  kind  with 
black  and  white  keys,  not  ones  that 
say  QWERTY  on  them  — that  was 
Yamaha  model  number  YK10,  inci- 
dentally). It  wasn’t  touch  sensitive 
and  it  lacked  a pitch-bending  wheel, 
but  it  had  a decent  feel  to  it. 

The  computer  used  a Z80  chip 
as  its  microprocessor  and  MSX  as  its 
operating  system  (www.faq.msx 
net.org),  which  was  popular  in  the 
early  ‘80s  in  Europe,  Asia,  and  South 
Korea,  but  made  few  inroads  into 
the  US. 

The  DX21  synthesizer  inside  of 
the  CX5M  was  the  baby  brother  to 
Yamaha’s  enormously  popular  (and 
more  expensive)  DX7  (there’ll  be  a 
test  later  on  all  of  Yamaha’s  model 
designations),  which  popularized  a 
new  form  of  synthesis:  digital 

frequency  modulation  — FM,  for 
short.  Its  pure,  bell-like  tones 
were  seemingly  used  on  every  hit 
record  made  in  the  1980s  and  used 
examples  of  DX7s  can  be  found  in 


music  stores  to  this  day. 

The  CX5M  didn’t  have  a dedicated 
monitor;  instead,  an  adaptor  cable 
with  an  RF  output  was  designed  to 
be  used  with  a standard  TV,  much 
like  the  original  Atari  2600  and  other 
early  video  games.  I ended  up  using 
an  old  14”  turret  dial  TV  for  my 
CX5M.  But  that’s  okay,  the  graphics 
in  the  CX5M  were  no  great  shakes  — 
we’re  not  talking  Apple  Macintosh 
here. 

The  CX5M’s  CPU  accepted  data 
two  ways:  it  had  an  Atari-like 

cartridge  interface  and  Yamaha 
produced  a variety  of  cartridges  for 
the  machine  (more  on  those  in  a 
moment).  Like  older,  1970s  era  com- 
puters, you  could  plug  a cassette 
recorder  into  it.  Originally,  this  was 
used  simply  to  save  programs  and 
files  created  by  the  user,  but  a year 
or  two  into  the  (short)  lifespan  of  the 
CX5M,  Yamaha  released  a couple  of 
tapes  to  reprogram  the  CXbM’s  syn- 
thesizer with  new  sounds.  One  tape 
was  mostly  musical  instruments;  the 
other  was  mostly  sound  effects. 

How  Did  It  Sound? 


Curiously  for  a unit 
marketed  by  Yamaha  (at 
least  in  the  US)  towards 
musicians  and  heavily 
advertised  for  a year  or 
two  in  music  trade  maga- 
zines, the  unit  didn’t  boot 
directly  to  the  synthesizer. 
Instead,  when  first  turned 
on,  it  defaulted  to  a DOS 
prompt  and  the  user  had 
to  type  “Call  Music”  to  get 
into  the  synthesizer.  Great 
engineering,  fellas! 
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Once  it  was  activated,  though, 
how  did  the  synthesizer  sound?  Pretty 
good,  actually  — it  was  capable  of 
very  high  quality  sounds.  (They  were 
very  clear  and  bright,  though.  I found 
that  I needed  to  warm  many  of 
them  up  by  running  them  through 
chorus  effects,  phasers,  and  flangers 
to  get  sounds  that  “sat”  in  recordings 
better.) 

Like  its  big  brother  — the  DX7  — 
the  CX5M  was  especially  good  at 
mimicking  tones  that  already  had  a 
bell-like  quality  to  them:  there  were 
great  electric  piano,  tubular  bell, 
xylophone,  and  glockenspiel  sounds. 

Programming 

Nightmare 

The  problem  was  that  it  was  a 
bear  to  program  these  sounds  — both 
programming  new  sounds  and 
programming  compositions  based  on 
those  sounds.  One  of  the  first 
cartridges  that  Yamaha  introduced 
for  the  CX5M  was  the  YRM-101  FM 
Music  Composer  software,  which 
allowed  for  writing  scores  on  a staff- 
like interface  on  the  screen. 

As  I recall,  it  didn’t  allow  for 
much  — if  any  — recording  of  real 
time  playing,  so  everything  had  to 
be  entered  via  the  keyboard  — a 
daunting  task. 

MIDI  was  a relatively  new  con- 
cept when  the  CX5M  debuted,  having 
only  been  developed  by  Roland, 
Oberheim,  Sequential  Circuits,  and 
other  musical  electronics  manufac- 
turers beginning  in  1981.  However,  it 
was  well  established  enough  by  1985 
that  the  CX5M  came  equipped  with 
MIDI  in  and  out  jacks.  I recall  mating 
the  unit  to  my  Roland  TR-707  drum 
machine  and  using  the  CX5M  to  sync 
up  drums  with  compositions  I wrote 
using  the  Music  Composer  cartridge 
and  recording  both  the  CX5M  and  the 
drum  machine  simultaneously  to  my 
four-track  cassette  recorder  (not 
exactly  Vangelis  or  Peter  Gabriel 
territory,  but  you  have  to  start 
somewhere  and,  remember,  this  was 
pretty  much  the  state  of  home  music 
recording  in  1986). 
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Another  early  cartridge  for  the 
CX5M  was  catalog  number  YRM-103, 
their  DX7  voicing  program.  It  was 
designed  to  simplify  the  program- 
ming of  Yamaha’s  then-flagship  DX7 
synthesizer  — a daunting  task  for 
even  the  most  experienced  electronic 
musician. 

Eventually  — and  I’ll  bet  I wasn’t 
alone  — I simply  ended  up  using 


the  computer’s  synthesizer  almost 
exclusively  and  playing  it  in  real  time 
on  recordings.  Like  I said,  you  couldn’t 
program  it  — but  it  sure  sounded 
pretty  good  when  you  played  it. 

Also,  just  as  with  the  DX7,  repro- 
gramming the  synthesizer  in  the 
CX5M  for  new  sounds  was  extremely 
difficult  and  I suspect  that  — just 
as  with  the  DX7  — most  musicians 
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relied  primarily  on  the  CX5M’s 
presets  (a  list  of  which  is  available 
— but  in  German  — at  www. 
online.no/~eiriklie/CX5MFAQ. 
html)  and  additional  sounds,  such  as 
those  in  their  voice  data  cassettes. 

Stepping  Stone  to 
the  Future 

Even  up  to  the  1970s,  the  synthe- 


sizers of  the  past  were  bulky 
machines  with  seemingly  hundreds  of 
cables  dangling  from  telephone 
switchboard-like  interfaces.  The 
first  all-synthesizer  score  in 
Hollywood  — for  the  1956  sci-fi 
classic  Forbidden  Planet  by  the 
husband  and  wife  musician  team  of 
Louis  and  Bebe  Barron  — took 
three  months  to  complete  and 
utilized  equipment  that  filled  their 


Manhattan,  NY  apartment. 

Today,  an  average  personal  com- 
puter — even  a laptop  — can  record 
music,  duplicate  all  of  the  great 
synthesizers  of  the  past,  and  allow  its 
users  to  create  new  sounds,  as  well. 

It  took  a long  time,  though,  to  get 
to  this  point  and  the  Yamaha  CX5M 

— even  if  it  was  difficult  to  program 

— put  some  great  sounds  in  the 
hands  of  its  users.  NV 
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PicoScope  3000  Series 
PC  Oscilloscopes 


The  PicoScope  3000  series  oscilloscopes  are  the  latest 
offerings  from  the  market  leader  in  PC  oscilloscopes 
combining  high  bandwidths  with  large  buffer  memories. 
Using  the  latest  advances  in  electronics,  the 
oscilloscopes  connect  to  the  USB  port  of  any  modern  PC, 
making  full  use  of  the  PCs'  processing  capabilities, 
large  screens  and  familiar  graphical  user  interfaces. 


High  performance:  lOGS/s  sampling  rate 

& 200MHz  bandwidth 

1MB  buffer  memory 

High  speed  USB  2.0  interface 

Advanced  display  Si  trigger  modes 

Compact  Si  portable 

Supplied  with  PicoScope  & PicoLog  software 


200MH; 


Sampling  rate  (repetitive)  2.5GS/E 

Sampling  rate  (single  shot)  50MS/s 


2+  Ext  triggi 


Oscilli 


2ns/div  to  50s/div 


50ppm 


Spectrui 


0 to  25MH; 


USB2.Q  (USB1.1  compatible) 


Tel:  585  385  1750 
www.picotech.com/scope240 


Technology  Limited 


“Lower  costs,  higher  output — it’s  easy  to  measure  the  value  of  eBay. 


My  company  counts  on  me  to  get  great  deals  on  test  equipment.  That’s  why 
I count  on  eBay.  Oscilloscopes,  lenses,  transformers,  signal  generators... 
all  the  gear  I want  is  there  for  less.  So  far,  I’ve  bought  $40,000  worth  of 
new  and  used  equipment  for  just  $20,000.  With  a well-equipped  lab,  we’re 
troubleshooting  more  efficiently  and  getting  products  to  market  faster.” 


www.  ebaybusiness . com 
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✓ Rock  stable  PLL  synthesized 

✓ Front  panel  digital  control  and 
display  of  all  parameters! 


professional 

fm  stereo 
transmitter 


Ring  In  The  New 
Year  With  A Ramsey 
AM/FM  Broadcaster I 


Professional  f M Stereo 
Radio  Station 


Digital  FM  Stereo 
Transmitters 


✓ Rock  stable  PLL  synthesized 

✓ Front  panel  digital  control  and 
display  of  all  parameters! 

✓ Professional  metal  case 

✓ Super  audio  quality! 

✓ 25mW  and  1 W models! 


For  nearly  a decade  we've  been 
the  leader  in  hobbyist  FM  radio  trans- 
mitters. Now  for  2005  we  introduce  our  brand  new  FM30  series  of  FM  Stereo 
Transmitters!  We  told  our  engineers  we  wanted  a new  technology  transmitter  that 
would  provide  FM100  series  quality  without  the  advanced  mixer  features.  They 
took  it  as  a challenge  and  designed  not  one,  but  TWO  transmitters! 


gJgTnn^BThe  FM30  is  designed  using  through-hole  technology 

L -B,and  components  and  is  available  only  as  a do-it-yourself 

kit,  with  a 25mW  output  very  similar  to  our  FM25  series. 
Then  the  engineers  redesigned  their  brand-new  design 
I using  surface  mount  technology  (SMT)  for  a very  special 
ll factory  assembled  and  tested  FM35WT  version,  with  1 W 

■ output  for  our  export  market!  Both  are  designed 

■ around  an  RF  tight  vinyl  clad  metal  enclosure  for  noise 
8 free  and  interference  free  operation.  All  settings  are 

■ done  through  the  front  panel  digital  control  and  LCD 
| display!  All  settings  are  stored  in  the  non-volatile  mem- 
ory for  future  use. 

I Both  the  FM30  and  FM35WT  operate  on  13.8  to  16VDC  and  include  a 15VDC  plug 
in  power  supply.  The  stylish  metal  case  measures  5.55"W  x 6.45"D  x 1.5"H  and  is 
available  in  either  white  or  black.  (Note:  The  end  user  is  responsible  for  complying 
I with  all  FCC  rules  & regulations  within  the  US,  or  any  regulations  of  their  respective 
I governing  body). 

FM30  Digital  FM  Stereo  Transmitter  Kit,  0-25mW  White  5199.95 

FM30B  Digital  FM  Stereo  Transmitter  Kit,  0-25mW,  Black  5199.95 

FM35WT  Digital  FM  Stereo  Transmitter,  Assembled,  1 W,  White  5299.95 

| FM55BWT  Digital  FM  Stereo  Transmitter,  Assembled,  1W,  Black 5299.95 


✓ I 

✓ Super  audio  quality! 

✓ 25mW  and  1 W models! 

Our  FM100B  is  the  updated  version  of  a truly  professional  fre- 
quency synthesized  radio  transmitter  station  in  one  durable,  handsome 
cabinet.  It  is  used  all  over  the  world  by  serious  hobbyists  as  well  as  churches,  drive- 
in  theaters,  and  schools.  No  one  else  offers  all  of  these  features  at  this  price!  The 
included  frequency  display  and  audio  level  meters  assist  in  easy  operation.  The  "B" 
version  now  includes  some  additional  functionality  including  a line  level  monitor 
output,  improved  stereo  separation,  spectral  purity,  audio  clarity,  and  adjustable  RF 
Output.  An  exclusive  selectable  microphone  mixer  and  auto  AGC  circuit  combines 
your  local  mic  audio  with  your  music  input  or  mutes  the  music  when  mic  audio  is 
present.  You  don't  even  need  an  external  mixer! 

Sound  quality  is  impressive;  it  rivals  commercial  stations.  Low  pass  input  filtering 
plus  peak  limiters  put  maximum  "punch"  in  your  audio,  and  prevent  overmodula- 
tion distortion.  No  wonder  everyone  finds  the  FM100B  to  be  the  answer  to  their 
transmitting  needs...  you  will  too!  The  kit  includes  a sharp  looking  metal  cabinet, 
whip  antenna,  and  built-in  1 10/220  volt  AC  power  supply.  An  external  antenna  con- 
nection allows  hook-up  to  high  performance  antennas  like  our  TM100  and  FMA200. 
We  also  offer  a high  power  export  version  of  the  FM100B  that's  fully  assembled  with  I 
one  watt  of  RF  power  for  miles  of  program  coverage.  Many  islands  and  villages  use 
it  as  their  local  radio  station!  The  export  version  can  only  be  shipped  outside  the 
USA,  or  within  the  US  if  accompanied  by  a signed  statement  that  the  unit  will  be 
exported.  (Note:  The  end  user  is  responsible  for  complying  with  all  FCC  rules  & reg-  I 
ulations  within  the  US,  or  any  regulations  of  their  respective  governing  body). 


FM100B  Super-Pro  FM  Stereo  Radio  Station  Kit,  5uW-25mW  5269.95 

FM100BEX  High  Power  Version,  5 uW-1  Watt  Output  5349.95 

FM100BWT  High  Power  Version,  5uW-lWatt,  Factory  Assembled  5429.95 


Professional  Synthesized 
Stereo  FM  Transmitter 


✓ Fully  synthesized  88-108  MHz  for 
no  frequency  drift 

✓ Line  level  inputs  and  output 

✓ All  new  design,  using  SMT  technology 

Need  professional  quality  features  but  can't  justify 
the  cost  of  a commercial  FM  exciter?  The  FM25B 
is  the  answer! 

A cut  above  the  rest,  the  FM25B  features  a PIC  microprocessor  for  easy  frequency 
programming  without  the  need  for  look-up  tables  or  complicated  formulas!  The 
transmit  frequency  is  easily  set  using  DIP  switches;  no  need  for  tuning  coils  or 
"tweaking"  to  work  with  today's  'digital'  receivers.  Frequency  drift  is  a thing  of  the 
past  with  PLL  control  making  your  signal  rock  solid  all  the  time  - just  like  commer- 
cial stations.  Kit  comes  complete  with  case  set,  whip  antenna,  120  VAC  power 
adapter,  1/8"  Stereo  to  RCA  patch  cable,  and  easy  assembly  instructions,  and  the 
SMT  parts  are  factory  preassembled  - you'll  be  on  the  air  in  just  an  evening! 


Professional  Synthesized 
AM  Radio  Transmitter 


✓ Fully  frequency  synthesized,  no 
frequency  drift! 

✓ Ideal  for  schools 

✓ Microprocessor  controlled 

✓ Simple  settings 

Run  your  own  radio  station!  The  AM25  operates  any- 
where within  the  standard  AM  broadcast  band,  and  is  easily 
set  to  any  clear  channel  in  your  area. 

It  is  widely  used  by  schools  - standard  output  is  100  mW,  with  range  up  to  Va  mile, 
but  is  jumper  settable  for  higher  output  where  regulations  allow.  Broadcast  fre- 
quency is  easily  set  with  dip-switches  and  is  stable  without  drifting. 

The  transmitter  accepts  line  level  input  from  CD  players,  tape  decks,  etc.  Includes 
matching  case  & knob  set  and  AC  power  supply! 


FM25B  Professional  Synthesized  FM  Stereo  Transmitter  Kit 


5139.95 


AM25  Professional  Synthesized  AM  Radio  Transmitter  Kit 


599.95 


Tunable  FM  Stereo 
Transmitter 


✓ Tunable  throughout  the  FM  band, 
88-108  MHz 

✓ Settable  pre-emphasis  50  or  75  pSec 
for  worldwide  operation 

✓ Line  level  inputs  with  RCA  connectors 


The  FM10A  has  plenty  of  power  and  our  manual  goes  into 
great  detail  outlining  all  the  aspects  of  antennas,  transmitting  range  and  the  FCC 
rules  and  regulations.  Runs  on  internal  9V  battery,  external  power  from  5 to  15 
VDC,  or  an  optional  120  VAC  adapter  is  also  available.  Includes  matching  case! 


Tunable  AM  Radio 
Transmitter 


✓ Tunes  the  entire  550-1600  KHz  AM  band 

✓ 100  mW  output,  operates  on  9-12  VDC 

✓ Line  level  input  with  RCA  connector 

A great  first  kit,  and  a really  neat  AM  transmitter!  Tunable 
throughout  the  entire  AM  broadcast  band.  100  mW  output  for  great 
range!  One  of  the  most  popular  kits  for  schools  and  scouts!  Includes  matching 
case  for  a finished  look!  The  AMI  has  been  the  leading  Scouting  project  for  years 
and  years.  Try  out  your  kit  skills  and  at  the  same  time...get  on  the  air! 


FM10C 

FMAC 


Tunable  FM  Stereo  Transmitter  Kit 
1 10VAC  Power  Supply  for  FM10C 


544.95 

59.95 


AMI  C 
AC125 


Tunable  AM  Radio  Transmitter  Kit 
1 10VAC  Power  Supply  for  AMI  C 


534.95 

59.95 


Tru-Match  FM  Broadcast 
Antenna 


We've  been  besieged  with  calls  asking  us  where  to  get  a good 
quality  FM  Broadcast  antenna.  Remember,  matching  your  anten- 
na to  your  transmitter  is  the  single  most  important  link  in  your 
transmitter  setup  - and  a good  antenna  and  match  are  the  secret  to  getting  maximum  range. 


✓ Fully  weatherproof-rugged  PVC 
construction 

✓ Matches  50  or  75  ohm  systems 

✓ Tunable  for  a perfect  match  over  the 
entire  88-108  MHz  FM  band 

I When  we  say  "match"  we  mean  electrical  impedance  match...  if  the  proper  impedances  are  not  main-  ✓ 25  watt  RF  power  maximum 
tained  between  transmitter  and  antenna,  power  is  reflected  away  from  the  antenna  and  back  into  the 

transmitter!  This  can  cause  the  final  amplifier  stage  to  be  damaged,  not  to  mention  spurious  signals  and  lousy  range.  Don't  forget,  there  are  three 
important  factors  in  your  broadcast  range:  antenna,  antenna,  and  antenna!  Buy  this  kit  and  get  the  most  from  your  FM  Broadcaster! 


TM100  Tru-Match  FM  Broadcast  Antenna  Kit 


569.95 


What’s  New  For  2005 

The  Newest  Neatest  Stuff! 


Eunmn 


✓ DDS  and  SMT  technology! 

✓ 0 Hz  to  5 MHz  at  0.1  Hz  resolution! 

✓ 0 to  1 0V  peak  to  peak  output  level 

✓ Sine,  Square,  or  Triangle  waveform 

Following  our  world  famous  SG550,  we 
are  proud  to  introduce  the  SG560,  the 
next  generation  signal  generator! 

To  begin  with  we  increased  the  frequency  range  all  the  way  up  to  5MHz  and  all 
the  way  down  to  0Hz  (yes,  we  mean  zero...or  DC!)  continuously  in  0.1  Hz  steps 
across  the  entire  range!  Then  we  gave  it  a variable  output  level  all  the  way  up  tc 


10V  peak  to  peak  in  either  Sine,  Square,  or  Triangle  waveforms!  You  can  also  pro- 
vide a DC  offset  to  the  output  to  recreate  TTL,  4000  series  logic  levels,  low  voltage  I 
logic  levels,  AC  waveforms  with  a DC  component,  or  just  plain  AC  signals! 


and  reliability.  If  you're  looking  for  a lab  quality  sig  gen  at  a super 
the  brand  new  SG560  fits  the  bilL.and  a whole  lot  more! 

SG560WT  Audio/RF  Signal  Generator,  Factory  Assembled 


Hand  Held  Digital  Scope  With  DVM  Readout 


✓ Digital  waveform  and  measurement  display! 

✓ 10MHz  and  40MHz  sample  rates! 

✓ Backlit  LCD  display 

✓ RS232  output  (40MHz  model  only) 

✓ Charger,  case,  probes  included 

I We've  seen  a lot  of  portable  scopes  and  scope/meters,  and  we've  j 
also  seen  the  price  tags!  They  have  always  been  way  out  of  the 
reach  and  budget  of  the  hobbyist.  No  more!  Now  for  close  to 
the  price  of  a good  DMM  you  can  have  a personal  scope  that 
also  has  DVM  readout  for  dBm,  dBV,  DC,  and  True  RMS! 

Frequency  readout  is  also  displayed  on  the  screen  through 
| markers,  plus  the  scopes  have  two  memories  for  digital  storage.  \ 


te  per 
hobfr 


iyist  price, 

5329.95  I 


. The  40MHz  model  also  includes  an  RS232  output  and  serial  inter- 
}.  _ /I  face  to  capture  the  screen  display  on  your  scope  to  your  PC  at  the 

J mere  push  of  a button!  These  scopes  run  on  5 standard  AA 

mil 


rn-|  -MUj^ IIICIC  PUSH 

EB.rW:::^  Alkaline  batteries  (not  included)  which  provide  up  to  20  hours  of 
use.  You  can  also  use  rechargable  AA  NiMH  batteries  instead  and 
they'll  be  charged  with  the  included  power  supply!  Both  units  come  with  a cus- 
tom foam  lined  high  impact  carrying  case,  set  of  nigh  quality  scope  probes,  AC 
power  adapter  ana  a comprehensive  user's  manual.  If  you're  working  with  elec- 
tronic circuits,  automotive  applications,  audio  and  stereo  applications  or  other 
applications,  the  personal  scope  is  for  you...at  a price  that  can't  be  beat! 


I HPS10SE 
HPS40 


Personal  Handheld  10MHz  Digital  Scope 
Personal  Handheld  40MHz  Digital  Scope  w/RS232 


$229.95 

5299.95 


Dual  Display  DMM  With  RS232  Output 


✓ RS232  output  to  your  PC! 

✓ Digital  and  analog  bargraph  display 

✓ Backlit  LCD  display  with  data  hold 

✓ Manual  and  auto  ranging 

✓ Includes  probes,  RS232  cable,  & software 

I We  gave  you  an  inexpensive  pocket  DMM  for  under  20  bucks. 
Then  we  gave  you  a super  multi-purpose  professional  multimeter 
that  measured  virtually  everything  for  40  bucks.  What's  next,  you 
ask?  You  won't  believe  it!  Everything  PLUS  RS232  serial  data 
output  for  connection  to  your  PC!  That's  right,  now  you  can 
measure,  control,  and  store  your  DMM  anaits  readings  on  a 
graphical  display  on  your  PC! 


Features  both  auto  and  manual  ranging  with  a large  3% 
“digit  display  with  a 38  segment  analog  bargraph. 
Selectable  backlight  and  data  display  hold  features  are 
also  included.  Plug  in  the  provided  DB9  serial  cable  to 
your  PC,  load  the  included  software,  and  you're  off  and 
running  with  a remote  control  digital  multimeter  from 
your  PC!  Includes  standard  test  probes,  temperature  test 
probes,  professional  rubber  holster,  RS232  cable,  installed 
9V  battery,  Windows  software  CD,  all  in  a neat  travel  case.  (Hard  to  believe  for 
I $85  isn't  it!!) 

DVM345DI  Dual  Display  DMM  With  RS232  Output 


Get  The  Catalog! 

^3^  Get  the  brand  new  2005  Ramsey  Hobby 
r Catalog!  64  value  packed  pages  of  the 
-neatest  goodies  around!  Order  your 
otgjL  ^£icopy  on-line  or  give  us  a call! 


Metal  Detector  Wand 


I ✓ Professional  Quality 

Just  like  at  the  airports,  this  hand  | 
held  metal  detector  wand 
detects  the  smallest  metal 
objects  hidden  in  both  people 
and  packages.  Rocker  switch 
turns  the  unit  on  and  power  is 
indicated  with  a green  LED. 

When  metal  is  detected,  a red 
LED  is  illuminated  along  with  an 
alert  tone.  Headphone  jack  is 
provided  for  private  security  L 
checks.  Runs  on  a standard  9 V 
battery  and  includes  a case  & 
strap.  Factory  assembled  & tested. 

ICSIOMD  Security  Wand  $54.95 


✓ Sound  activated  | 

electroluminescence!  | 

Now  this  is  neat  stuff!  ]#  1 

Nearly  10'  of  electrolumi-  /r 
nescent  wire  to  install  in  > S 
your  car.  BUT...it  gets  f- 

better!  A built-in  sensor  r 
modulates  the  EL  wire  to  Sr" 
the  beat  of  music!  Can 
be  set  for  full  mode, 
music  mode,  or  off. 

Plugs  into  12VDC  car 
jack.  Fully  assembled. 

NWRR30  Red  EL  Kit 

$27.95 

NWRG30  Green  EL  Kit 

$27.95 

NWRB30  Blue  EL  Kit 

$27.95 

Electronic  Watch  Dog 

Stereo  Super  Ear 

✓ Sound  activated 
barking  dog  on  a PC 
board! 

It's  nice  to  have  a barking 
dog  to  react  to  someone  at  | 
our  door.  But  not  all  of  us 
can  have  a dog!  No  prob- 
lem there,  build  your  own! 

Two  distinct  barking 
sounds  are  sound  activated f| 
with  a built-in  microphone 
that  has  adjustable  sensitivity.  I wish 
my  dog  had  adjustable  sensitivity! 
This  dog  eats  9-1 2VDC.  Easy  kit 
assembly. 


✓ Amplifies  sound  50 
times! 

I The  "Super  Ear"  *>?*£ 

I is  an  ultra  high  -W*’ 

I gain  amplifier  that! 

I includes  two  super 
I sensitive  mics  at  a 45 
] degree  angle  to  give  ) 

| a true  stereo  output. 

| Includes  on/off  switch  and  volume 
control.  Standard  audio  jack  is  provid- 
ed for  audio  output.  Runs  on  3 stan- 
dard AAA  batteries  (not  included). 

Easy  to  assemble  and  fun  to  use! 


K2655  Watch  Dog  Kit  $32.95  ■ MK136  Super  Ear  Kit 


$9.95 


Electronic  Learning  Labs 


PL1 30 


PL500 




✓ Learn  and  build! 

✓ 130,  300,  & 500  In  One! 

✓ Super  comprehensive  training  manuals! 

Whether  you  want  to  learn  the  basics  of  electricity,  the  theory  of  electronics,  or 
advanced  digital  technology,  our  lab  kits  are  for  you!  Starting  with  our  PL130,  we 
give  you  130  different  electronic  projects,  together  with  a comprehensive  162 
page  learning  manual.  A great  start  for  the  kids...young  and  old! 

Step  up  to  our  PL300,  which  gives  you  300  separate  electronic  projects  along  with  I 
165  page  learning  and  theory  manual.  The  PL300  walks  you  through  the  learning 
phase  of  digital  electronics. 

If  you're  looking  for  the  ultimate  lab  kit,  check  out  our  PL500.  Includes  a whop- 
ping 500  separate  projects,  a 152  page  starter  course  manual,  a 78  page 
advanced  course  manual,  and  a 140  page  programming  course  manual! 


PL500  covers  everything  from  the  basics  to 
electronics  and  digital  technology  the  fun  way  an^ 


The 

ramming!  Learn  about 
1 some  neat  projects! 


PL130 

PL300 

PL500 


130  In  One  Learning  Lab  Kit 

300  In  One  Advanced  Learning  Lab  Kit 

500  In  One  Super  Learning  Lab  Kit 


$42.95 

$69.95 

$169.95 


MORE  than  just  friendly  on-line  ordering! 

Clearance  Specials,  Ramsey  Museum,  User  Forums,  Dealer  Information,  FAQ’s,  FCC 
Info,  Kit  Building  Guides,  Downloads,  Live  Weather,  Live  Webcams,  and  much  more! 

www.ramseykits.com 

800-446-2295 

ramSEU  Where  ♦ Build  It! 

www,ramsevkit$,wm  - . 


www, rQmsQykits,  com 

590  Fishers  Station  Drive 
Victor,  NY  14564 
(800)  446-2295 
(585)  924-4560 


Where 
Electronics 
Is  Always 

FUN! 


♦ Build  It! 

♦ Learn  It! 

♦ Achieve  It! 

♦ Enjoy  It! 


Circle  #79  on  the  Reader  Service  Card. 

Prices,  availability,  and  specifications  are  subject  to  change.  Visit  www.ramseykits.com  for  the 
latest  pricing,  specials,  terms  and  conditions.  Copyright  2005  Ramsey  Electronics,  lnc...so  there! 
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with  TJ  Byers 


Electronics  Q&A 


In  this  column,  I answer 
questions  about  all  aspects 
of  electronics,  including 
computer  hardware, 
software,  circuits,  electronic 
theory,  troubleshooting,  and 
anything  else  of  interest  to 
the  hobbyist. 

Feel  free  to  participate 
with  your  questions,  as 
well  as  comments  and 
suggestions. 

You  can  reach  me  at: 

TJBYERS@aol.com 

What's  Up: 

Got  batteries?  I’ve  got 
answers  for  monitoring 
gel-cells.  Have  a transistor 
you  can’t  replace?  Got 
that  covered,  too. 

And  just  for  fun,  I threw 
in  a couple  of  one-night 
projects  — Geiger 
meter,  anyone? 
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Operational 

Amplifier 

Q.I  recently  had  to  make  a circuit 
to  subtract  two  DC  voltages.  I 
first  considered  using  a differential 
op-amp  with  one  voltage  feeding 
the  positive  input  and  the  other 
connected  to  the  negative  input.  After 
doing  the  math  to  balance  out  the 
four  resistors  for  the  gain  I wanted,  it 
struck  me  that  a summing  amp  has 
an  advantage:  only  one  feedback 
resistor  has  to  be  changed  to  alter  the 
gain! 

I used  an  inverting  op-amp  for 
one  input  and  fed  it  to  a summing 
amplifier  and  ended  up  with  the  right 
number  (Figure  1).  What  are  the 
ramifications  between  the  differential 
amp  and  my  solution  to  produce  the 
difference  of  two  voltages? 

John 
via  Internet 

Operational  amplifiers  (op-amps) 
re  so  named  because  they  were 
originally  used  to  model  the  basic 
mathematical  operations  of  add, 
subtract,  multiply,  integrate,  etc.  in 
electronic  analog  computers.  Figure 
2 shows  how  the  op-amp  is  config- 
ured to  “calculate”  a few  popular 
math  functions. 

In  the  Add  circuit,  each  voltage  is 
weighed  equally  and  there  is  no  limit 
(well,  almost)  to  the  number  of  inputs 
you  can  deal  with.  Notice  that  only 


one  resistor  (Rf)  is  needed  to  define 
the  gain  of  the  circuit  and  the  output 
is  inverted.  The  Subtract  circuit 
measures  the  difference  between  VI 
and  V2  by  using  the  inverting  and 
non-inverting  inputs  of  the  op-amp. 
It’s  limited  to  just  two  voltages.  With 
the  values  shown,  both  of  these 
circuits  provide  a gain  of  lOx. 

The  Weighed  and  Average  circuits 
are  special  cases  of  the  Add  circuit. 
The  gain  of  the  Weighed  circuit  is 
17.5  for  the  values  shown  and  the 
Average  circuit  has  unity  gain.  In  the 
Inverting  configuration,  both  resistors 
have  to  be  the  same  value. 

What  are  the  ramifications? 
Obviously,  your  inverting  design 
allows  you  to  mix  both  addition  and 
subtraction  with  multiple  inputs, 
something  a single  op-amp  can’t  do. 
Also,  a single  resistor  determines  the 
gain  of  the  stage.  On  the  other  hand, 
each  op-amp  in  the  chain  adds  its 
share  of  noise  to  the  output,  which 
could  be  a factor  in  very  low  voltage 
measurements. 

Ding  Dong 

QI  am  trying  desperately  to  build 
a doorbell  intercom.  I want  it  to 
sound  like  a ding  dong  or  ding  ding 
ding  version  — something  pleasant  to 
that  extent.  I have  close  to  100  LM555 
timers  in  my  possession  and  I am 
willing  to  use  as  many  as  it  takes. 

Alex  Belenkiy 
via  Internet 


A With  the  door- 
ell  chime  circuit 
in  Figure  3,  you’ll 
have  close  to  98  left 
over  for  other  projects. 
Yep,  it  only  takes  two 
555  chips  to  make  a 
reasonable  facsimile 


l Ok 


Figure  I 
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Subtraction 
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of  a mechanical  chime. 

The  first  555  is  a one-shot  mono- 
stable multivibrator.  It  controls  the 
second  555  — an  astable  multivibra- 
tor oscillator  that  drives  an  8 Q speak- 
er. The  frequency  of  the  oscillator  is, 
of  course,  determined  by  Cl,  but  that 
would  just  make  a one-tone  bell.  To 
change  the  frequency,  the  voltage  on 
the  control  input  (pin  5)  is  modulated 
by  the  2N2222A  transistor. 

When  the  one-shot  output  is 
high,  the  transistor  turns  on 
and  grounds  the  control  pin 
through  a 100K  resistor. 

When  the  output  goes  low, 
pin  5 is  tied  high  through  the 
100K  resistor,  thus  giving  the 
bell  its  distinctive  ding-dong 
effect. 

To  further  enhance  the 
effect,  the  astable  oscillator  is 
also  powered  by  the  output  of 
the  monostable  multivibrator. 

When  the  output  is  high, 
voltage  is  applied  to  the  Vcc 
and  Reset  inputs  (pins  8 and 
4,  respectively).  When  the 
output  goes  low,  the  voltage 
slowly  declines.  This  causes 
the  volume  of  the  tone  to 
decrease,  as  it  does  in  a 
real  metal  chime.  Capacitor 
C2  determines  the  time  of 
the  decay. 

Is  My  Bot’s 
Battery  Dead? 

Q*  In  my  new  bot,  I have 
two  battery  power 
supplies  — one  6 volt  and  one 
1 2 volt.  The  6 volt  takes  care 
of  my  servos  and  the  12  volt 
is  for  the  drive  motor.  The 
batteries  are  down  at  the 
bottom  of  the  bot  with  the 
control  stuff  on  top.  What  I 
need  is  a low  battery  indica- 
tor for  both  banks.  I thought 
to  use  a green  LED  for  the 
servos  and  a red  one  for  the 
drive  batteries.  Do  you  have 
any  answers? 

Don 
via  Internet 


There  are  any  number  of  under- 
oltage  ICs  that  can  fill  the  bill, 
but  I decided  on  the  ICL7665  for  this 
application.  It  has  a proven  track 
record,  comes  in  an  eight-pin  DIP 
package,  and  is  readily  available.  The 
chip  draws  a mere  3 pA  of  power  and 
can  operate  over  a Vcc  range  of  1 .8  to 
16  volts,  independent  of  the  voltage 
to  be  monitored. 


The  ICL7665  sports  two  individu- 
ally programmable  voltage  detectors; 
one  of  the  voltage  detectors  is  under- 
voltage and  the  other  is  overvoltage. 
Both  have  open  drain  outputs  — 
which  explains  the  transistor  on  the 
Outl  output  (Figure  4).  It  inverts  the 
overvoltage  signal  into  an  undervoltage 
signal  by  switching  on  the  LED  when 
the  overvoltage  falls  below  the 


Figure  2 
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For  Rl  = R2  = R3  = Rf  (unity  gain) 
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programmed  limit.  This  happens 
because  the  2N2222A  transistor’s 
base  is  shorted  to  ground  and  can’t 
conduct  when  the  battery  is 
“overvoltage.”  When  the  battery 
voltage  declines  below  the  threshold 
limit,  Outl  goes  high  (open)  and 
the  transistor  turns  on  (clever, 
huh?). 

Both  channels  have  a hysterisis 
pin  that  prevents  the  LEDs  from 
cycling,  but  I decided  not  to  use 
them  in  this  design.  I feel  that  a 
flickering  LED  will  get  your 
attention  a lot  faster  than  one  that 
just  drones  on,  especially  in  the 
heat  of  battle. 

You’ll  notice  that  there  are  two 
values  for  the  sense  resistors.  That’s 
because  you  didn’t  tell  me  whether 
the  batteries  were  NiCd  or  gel-cell, 
so  I calculated  for  both.  The  LED 
turns  on  when  there’s  approximate- 
ly 20%  of  the  charge  left  in  the 
battery. 


How  Dead  Is  It? 

QI  have  recently  acquired  several 
6 V,  9.5  A/H  gel-cell  batteries. 
My  questions  are  how  do  I tell  when 
a gel-cell  is  dead  and  how  do  I build  a 
simple  charger  for  those  that  are 
not?  Most  of  the  batteries  measure 
between  2 and  4 volts,  with  some  at 
0 volts. 

Naic 
via  Internet 

A Unlike  NiCd  and  lithium 
atteries  — which  maintain  a 
constant  output  voltage  until  “dead” 
— the  state  of  charge  of  a gel-cell  is 
very  much  defined  by  its  voltage. 
Figure  5 shows  the  voltage  range 
for  a single  gel-cell.  To  find  the 
voltage  range  for  your  battery, 
multiply  the  voltage  by  the  number 
of  cells  in  the  battery.  For  a 6 volt, 
three-cell  battery,  the  range  is  5.79 
(0%)  to  6.39  (100%). 


If  the  voltage  of  your  battery  is 
below  the  lower  limit,  don’t  panic. 
This  happens  when  the  battery  is  left 
unattended  for  long  periods.  If  the 
battery  hasn’t  been  abandoned  for 
too  long,  you  can  most  likely  bring  it 
back  to  life.  What  happens  when  a 
battery  totally  discharges  is  that  the 
plates  sulfate. 

Some  say  that  the  ideal  way  to 
bring  a dead  battery  back  to  life  is  by 
pulsing  it  with  a high  current  to  “blow” 
the  sulfate  off  the  plates.  I suggest  a 
C/1  charge  (10  amps,  in  your  case) 
with  a 10%  duty  cycle. 

In  this  circuit  (Figure  6)  I’m 
using  the  output  of  the  555  to  pulse 
a TIP  145  Darlington  pass  transistor. 
The  pulse  frequency  is  about  500  Hz, 
but  that’s  easily  adjusted  via  the  0.22 
pF  capacitor. 

The  transformer  is  12  volts, 
center-tapped  with  an  output  of  10 
amps,  like  the  7846TR  from  Marlin  P. 
Jones  & Associates  (800-652-6733; 
www.mpja.com).  The  voltage  is 
only  partially  filtered,  hence  the 
1N4148  diode  and  100  pF  filter  cap 
so  that  the  Vcc  of  555  isn’t  on  the 
same  roller  coaster  and  has  a steady 
power  source. 

When  the  charge  in  the  gel-cell 
reaches  6.2  volts,  the  pulser  turns  off 
and  the  LED  turns  on.  I know  this  is 
short  of  a full  charge,  but  now  it’s 
time  to  switch  the  battery  over  to 
a conventional  charger  for  final 
charging. 

Dip  Oscillator  Meter 

Q*  I would  like  to  build  a Dip  meter 
in  order  to  learn  more  about 
them.  Do  you  have  any  advice  or 
know  of  any  books  that  introduce  the 
theory  of  a dip  meter? 

James  Ko 
via  Internet 

Originally  known  as  a grid  DIP 
^^meter,  the  dip  oscillator  is  a 
simple  instrument  used  to  measure 
the  resonant  frequency  of  a tuned 
circuit.  Typical  applications  include 
antenna  matching,  filter  trap  tuning, 
determining  unknown  inductance  or 
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capacitance,  measuring  the  length  of 
a coaxial  cable,  and  the  list  goes  on. 
No  physical  connection  is  required. 
You  just  have  to  bring  the  sense 
coil  in  close  proximity  to  the  circuit 
under  test. 

Basically,  the  dipper  is  an  LC 
oscillator  that’s  tuned  by  a variable 
capacitor.  The  sense  coil,  which  is 
traditionally  plugged  into  a socket  at 
the  top  of  the  meter,  determines  the 
frequency  sweep  of  the  oscillator. 
When  the  coil  is  placed  close  to  a 
tuned  circuit,  you  adjust  the  fre- 
quency using  the  variable  capacitor. 
When  the  frequency  of  the  dip  oscil- 
lator matches  the  frequency  of  the 
circuit  under  test,  the  energy  is 
transferred  from  the  oscillator  to  the 
passive  circuit.  In  effect,  there  is  a 
dip  in  the  output  power  of  the 
oscillator. 

There  are  many  dipper  designs 
implementing  every  sort  of 
oscillating  device  from  vacuum 
tubes  to  transistors  to  tunnel  diodes. 
The  simplest  is  a one  transistor 
circuit  built  around  an  MPF102  FET 
(Figure  7).  It’s  tuned  for  a range  of 
2 to  60  MHz,  but  small  changes  in 
the  values  of  the  tuning  capacitor 
and  coil  can  extend  that  range  up 
or  down. 

Construction  is  straightforward, 
but  the  connecting  wires  should  be 
kept  short  and  to  the  point  to  avoid 
spurious  radiation. 

Calibration  is  traditionally  done 
by  marking  the  dial  using  tank 
circuits  of  a known  frequency. 

This  technique  will  put  you  in  the 
ballpark.  For  those  of  us  who 
have  graduated  to  the  digital 
age,  Figure  8 has  a digital 
counter  output. 

Coil  information  is  shown  in 
Table  1.  PVC  water  pipe  — found 
at  any  Home  Depot  — makes  an 
excellent  coil  form.  The  tap  is 
counted  from  the  bottom  of  the 
coil  and  the  winding  length  is 
critical.  Spread  the  windings 
apart,  if  necessary. 

Lastly,  the  wire  is  enamel 
coated  magnet  wire,  not  plastic 
insulated. 


1 00  80  60  40 

REMAINING  CHARGE  (%) 
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Obsolete  Transistors 

Can  you  please  find  updated 
[^numbers  for  the  following 
obsolete  transistors:  HEP724, 

HEP739,  SK3011,  SK3003  ...  2N1524, 
MPS3708,  TIS-59?  I feel  that  the 
TIS-59  can  be  replaced  by  a 2N3819 
or  a MPF-102,  but  that’s  only  a guess. 

Kendrick 
via  Internet 


A, 


A few  years  back,  there  were 
o less  than  four  major  semi- 
conductor makers  who  offered  a line 
of  replacement  transistors,  including 
Motorola  (HEP),  GE  (GE-),  Sylvania 


(ECG),  and  RCA  (SK).  These 
parts  were  originally  intended  for 
the  replacement,  hobbyist,  and 
experimental  markets  and  — in  time 
— found  applications  in  industrial 
repair  and  maintenance  depart- 
ments. 

Today,  only  NTE  (www.nteinc. 
com)  survives.  I was  able  to  find  all 
but  one  of  your  transistors  on  their 
cross  reference  website  (http:// 
nte01.nteinc.com/nte/NTExRef 
SemiProd.nsf/$$Search?Open 
Form)  — and  that’s  only  because  the 
TIS-59  is  listed  as  a TIS59  (originally 
from  TI).  Yes,  the  hyphen  matters  in 
the  search  engine.  Once  you  have 
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Figure  7 


Meter 


On/Off 


0-50uA 


Specialty 

Transistors 

I am  an  electron- 
ics hobbyist  and 
I was  wondering  if 
know  of  any  websites 
that  I could  visit 
for  semiconductor 
equivalents.  I have 
been  looking  for  a 
transistor  whose 
reference  is  H8N80FI 
and  can’t  find  it  in  any 


transistor  catalog. 


Elimane  Bathily 
via  Internet 


found  an  NTE  replacement,  go  to 
the  FindChips  website  at  www.find 
chips.com  and  enter  the  NTE 
number. 

Jameco  and  Mouser  both  have 
in-depth  stocks  of  these  devices,  but 
they  can  be  more  expensive  than  a 
generic  replacement. 

For  example,  the  HEF724  cross 
references  to  an  NTE  123 A — which 
is  the  equivalent  of  a 2N2222  that 
sells  for  one-third  the  price. 

The  NTE  website  has  data 
sheets  that  you  can  use  to  find 
a cheaper  generic.  Follow  the 
guidelines  in  the  question  below 
(“Transistor  Selection”)  to  find  a 
suitable  replacement  from  a data 
sheet.  And  — yes  — the  MPF102  is 
an  acceptable  substitute  for  the 
TIS59,  according  to  their  data 
sheets. 


A Not  all  transistors  have  a cross 
eference  — especially  those 
which  are  privately  labeled  like  the 
H8N80FI.  In  cases  like  this,  I do  a 
Google  search  (www.google.com). 
As  a rule,  I hit  nothing,  but  I got 
lucky  this  time  and  came  up  with  a 
2SK1363  — an  N-FET  power  transis- 
tor. Unfortunately,  this  transistor  is 
only  available  overseas  and  not 
stateside,  as  are  many  specialty 
transistors  and  ICs.  Try  Donberg 
Electronics  at  www.donberg.ie 
(Before  you  send  that  letter,  let 
me  say  that  the  2SK1363  was  also 
used  in  an  Apple  CRT  monitor  and 
an  Apple  repair  center  may  still  have 
one  or  two  on  a dusty  shelf.) 


Transistor  Selection 

QMy  question  is  what  the  deter- 
mining factor  is  in  transistor 
choice?  How  interchangeable  are  the 
different  types?  I have  a circuit  that 
calls  for  a 2N3707,  which  I have 
never  even  heard  of. 

B.  Brown 
via  Internet 

From  an  engineering  point 
f view,  there  are  four  critical 
parameters  when  it  comes  to 
choosing  transistors:  voltage, 

current,  gain,  and  frequency. 

Supposedly,  each  transistor  is 
custom  fit  (as  in  a specific 
2N  number)  to  fill  a niche  for 
performance  and  cost.  That  is,  you 
don’t  want  to  pay  for  performance 
you  don’t  need,  but  you  do  not  want 
to  be  caught  short  with  a marginal 
part,  either.  Hence,  all  the  various 
numbers. 

However,  like  most  electronic 
devices,  a transistor  with  better 
specs  can  always  replace  one  with 
lesser  expectations. 

As  for  the  2N3707  — which  is 
now  obsolete  — it’s  an  NPN  general- 
purpose  audio  transistor  rated  at  30 
volts,  200  mA,  and  a gain  of  100  to 
400. 

To  me,  that  sure  sounds  like  a 
2N2222,  which  is  rated  at  60  volts, 
800  mA,  with  a gain  of  300  at  150 
mA.  Both  are  of  the  same  sex  — 
NPN  as  opposed  to  PNP  — both  are 
silicon  (not  germanium),  and  both 
have  an  upper  frequency  limit  of  250 
MHz.  So,  why  does  your  design 
specify  the  2N3707?  Probably 
because  the  designer  got  a good 
deal  (price  break)  on  this  transistor 
at  a time  when  he  needed  those 
parameters. 

Radioactive  Peanuts 

A couple  of  years  ago  — 
January  2003,  to  be  exact  — I pub- 
lished a circuit  for  a Geiger  counter 
using  an  NE-2  neon  lamp.  I found 
the  design  in  an  old  copy  of 
Experimente  mit  Strahlenquellen. 
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Many  of  you  had  problems  with  that 
circuit  in  that  there  was  too  much 
variation  between  the  NE-2  lamps, 
making  it  unusable  or  impossible  to 
calibrate  the  counter. 

Well,  I have  done  a little  research 
since  then  and  think  I have  found  a 
better  design  that  uses  — of  all  things 
— a peanut  can.  The  “Cheap,  but 
Sensitive  Radiation  Detector”  can  be 
found  at  www.techlib.com/science 
/ion.html  The  design  is  by  Charles 
Wenzel,  whose  designs  I trust.  Figure 
9 shows  the  basic  concept.  His 
commentary  is  self-explanatory,  so  I 
won’t  go  into  it  here. 

The  second  missing  part  of  the 
equation  was  a radiation  source.  I 
found  that  on  eBay  under  the  guise  of 
a Coleman  lantern  mantle.  One 
mantel  produces  1.5  mr/hr  (about 
750  counts  per  minute)  and  sells  for 
about  $5.00.  You  can  also  find  them 
from  time  to  time  at  K-Mart  and 
camping  supply  houses.  Look  for  the 
brand  that  says  “Made  in  India.” 

The  radioactive  ingredient  in  the 
mantle  is  thorium-232.  By  itself, 
thorium  is  only  slightly  radioactive, 
emitting  only  alpha  particles  that  are 
easily  blocked  by  a thin  piece  of 
paper. 

However,  thorium  breaks  down 
into  two  parts:  a small  part  — the 
alpha  radiation  — and  a larger  part 
called  the  decay  product.  The  decay 
products  include  radium  and  radon, 
which  emit  alpha  and  beta  particles 
and  gamma  rays. 

In  fact,  the  longer  thorium  stands 
(half-life  is  14  billion  years),  the 
more  radioactive  it  gets  — but  that’s 
another  story. 

Three  Coins  in  a 
Fountain 

Q.  I want  to  hook  up  one  or  more 
submersible  fountain  pumps 
(typically  115  VAC,  0.8  A)  to  a circuit 
that  will  vary  the  flow  of  water  in 
concert  with  the  input  from  a sound 
source.  Should  the  circuit  change  the 
voltage  or  current? 

Bob  Slusher 
via  Internet 


Frequency 

MHz 

Number  of 
Turns 

Tap  at  Turn 
No. 

Wire  AWG 

Coil 

Diameter 

Winding 

Length 

1. 8-3.8 

82 

12 

#26 

1 1/4 

1 9/16 

3.6-7.3 

29 

5 

#26 

1 1/4 

9/16 

7.3-14.4 

18 

3 

#22 

1 

3/4 

14.4-32 

7 

2 

#22 

1 

1/2 

29-64 

3 1/2 

3/4 

#18 

1 

3/4 
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Figure  9 


Controlling  the  speed  of  an  AC 
motor  is  fairly  simple.  It’s  done  all 
the  time  in  hand  drills,  but  what 
you’re  trying  to  control  is  a flow  of 
water,  which  has  a lot  of  latency  — 
resistance  to  change  in  flow.  No 
matter  how  hard  you  try,  the  fountain- 
head won’t  follow  the  fast-moving 
audio.  The  controller  needs  a low 
frequency  filter  to  turn  sporadic 
into  rhythmic.  Here’s  what  I’d  do 
(Figure  10). 


In  this  circuit,  I’ve  used  the 
control  voltage  input  (pin  5)  of  a 555 
timer  to  FWM  (pulse  width  modulate) 
the  speed  of  the  motor.  With  this 
design,  the  motor  is  never  completely 
off  — for  good  reason.  Starting  a 
water  flow  from  a stall  takes  a lot 
longer  than  revving  it  up  from  a 
trickle,  making  your  fountain  slightly 
more  responsive.  It  also  takes  care  of 
the  low  frequency  filter  I mentioned 
earlier  by  using  the  inertia  of  the 
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motor  itself. 

Like  the  previous  question,  you 
have  to  provide  the  audio  interface. 
Just  make  sure  that  the  voltage 
sweep  on  pin  5 is  between  the  Vcc 
and  GND  limits  or  you’ll  fry  the 
555  chip. 

This  input  is  not  linear  over  this 
range,  which  is  okay  for  the  type  of 
output  you  desire.  Also,  5 pF  may  not 
be  ideal  for  your  particular  pumps. 
Play  with  it  until  it  works  right  for  your 
display. 

MAILBAG 

Dear  TJ, 

In  reference  to  the  thermocouple 
answer  (November  2004),  back 
when  I was  still  gainfully  employed, 
we  routinely  made  thermocouples 
for  plant  use.  The  process  consisted 
of  twisting  the  two  materials  together 
so  that  they  were  in  intimate 
contact  and  discharging  a large 


capacitor  through  the  junction. 

Dave  Schoepf 
via  Internet 


Dear  TJ, 

If  you  put  12  amps  through  a 1 Q 
resistor,  it  better  be  144  watts  instead 
of  10  W (November  2004  issue)! 

Charles  D.  Geillker 
Professor  of  Physics 

Response:  That  would  he  true 
if  the  current  flowed  24/7 , but  the 
thermocouple  welder  shown  In  that 
answer  has  the  current  flowing  for 
about  1/10  of  a second  while  the 
user  taps  the  wires  to  the  carbon 
rod.  This  isn't  nearly  enough  time 
for  the  resistor  to  heat  up  to  even  1 0 
watts.  It's  called  duty  cycle.  — TJ 


Dear  TJ, 

Your  block  diagram  for  a slide 


viewer  will  indeed  invert  negatives, 
but  the  color  will  not  be  correct.  All 
negative  color  film  uses  an  orange 
mask  that  corrects  for  impurities  in 
the  magenta  and  cyan  dyes.  This  will 
make  the  inverted  image  appear  to 
have  a sickly  blue  cast. 

Bill  Runkle 
via  Internet 

Cool  Websites! 

Learn  to  speak  Aussie. 

www.aussieenglishcd.com/ 

multimedia.samples.php 

Lots  of  high  voltage  stuff. 

http://205.243.1 00.1 55/frames/ 
lichtenbergs.html 

What’s  up?  Kennedy  Space  Center. 

www.ksc.nasa.gov 


Microprocessor 

Training  System 


Compact  Rugged  Design 
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Manuals  on  CD 


■ ;?,■  I 
* f JsY 


Application 

Manual 
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Primer  Trainer  Prices  Start  at  $120.00  usd 
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Keep  checking 

www.apec-conf.org 

for  updates! 
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Austin  Hilton  Austin,  TX 


The  Premier  Global 
Event  In  Power  Electronics 


■ Plenary  with  Industry  Executives  sharing 
their  vision  of  the  future 

■ 329  Presentations  from  28  Countries 

■ 14  In-depth  Professional  Education  Seminars 

■ 1 50  Vendor  Exhibition  Booths 

■ Catered  Reception  with  Exhibitors 

■ 1 2 Exhibitor  Seminars 

■ 3 Lively,  Informal  Rap  Sessions 

■ 1 9th  Annual  Micro  Mouse  Contest 


Networking  Events  throughout 
the  Conference 
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See  more  surplus  electronic  goodies  at: 

www.  shopatwindsor.  com 


CCFL  Florescent  Light  Inverter 


New  power  inverter 
drives  2 lamps  up  to 
5W  each!  Simple  to 
use,  12  VDC  in,  con 
nect  florescent  lamps 
to  output.  Module  gen 
erates  correct  starting  and  operating  voltage,  lamp 
current  and  is  even  dimmable! 

01 28520R $9.95 


Fiber  Optic  Transceiver 


New,  by  Infineon.  Has  laser 
transmitter  and  receiver  in 
one  package!  1.25  Gb/s 
data  rate  up  to  700  M on 
low  cost  multimode  fiber! 

Super  small  size,  complete 
specs  on  the  web.  Make 
your  own  fiber  optic  link! 

01 25461 R (Set  of  two) $1 9.95 


Hitachi  LCD  display 


16  character  by  2 lines  5x8 
dot  matrix  character  64.5  x 
13.8  mm  viewing  area  STN 
neutral  mode  reflective  LCD 
recently  discontinued  by 
Hitachi  but  a very  common  and  most  used  part. 
Directly  crosses  over  to  the  Optrex  DMC16249, 
brand  new  stock! 

01 23260R $4.95 


module  (size  1x1x1 .5”!)  includes  red  laser,  beam 
splitting  mirror,  opamps,  photo  sensor,  transistors, 
processor,  ICs,  etc.  From  handheld  laser  barcode 
reader.  We  sold  out  of  the  last  style  we  had!  No 
specs,  but  buyers  figured  out  the  hook  up  for  the 
last  group,  we’ll  post  on  the  web  any  new  info  on 
this  one,  should  be  easy,  has  just  12  pins  on  the 
connector. 

0131346R $14.95 


C size  Nicad  Battery 


This  is  the  real  deal,  a true  2 A Hr 
Nicad,  Button  top  works  in  any  device 
too!  Brand  new  by  Sanyo. 

0130380R  $2.00 


Powerful  DC  Motor 


Made  by  Johnson  Electric 
1 2 VDC  @0.85  A no  load,  1 7,000 
rpm,  3 vdc  @ .51  amps  4,200 
rpm,  6 vdc  @ .6  amps  8,500  rpm. 
Similar  to  Johnson  Electric  HC313MG  series  but 
higher  power.  Actually  runs  as  low  as  1 volt  oper 
ation!  (1200  rpm  .46  amps).  Size:  2"  I x 1 .5"  dia 
7/8"  long  eccentric  brass  shaft  end  easily  broken 
off  to  form  a .5"  long  x .312  dia  round  shaft  end. 

01 23850R $4.95 


Windsor 


Laser  Scanner 
Bar  Code  Module 

mJlfl  • 

Wow!  What  a a cool  item! 
1 Brand  new  laser  scanner 

WINDSOR  DISTRIBUTORS  COMPANY 
19  Freeman  Street 
Newark , New  Jersey  07105  3708 
Ph:  973  344  5700  Fax:  973  344  3282 


DISCOVER 


ORDERING  INFO:  Shipping  and  insurance  charges  made 
after  order  is  packed.  You  will  be  notified  by  Email.  Orders 
under  $25  add  $5.00  small  order  fee.  Credit  cards  will  only 
be  authorized  on  US  and  Canadian  banks.  Please  contact 
Windsor  regarding  payment  instructions  for  other  countries. 


LED  BLOWOUT!!! 


Here’s  a deal  that  just  will  not  last  long  Wind 
sor’s  LED  Blowout!  Super  high  quality,  factory 
prime  bright  LEDs.  Ideal  for  all  those  projects 
that  you’ve  wnated  to  build,  but  just  didn’t  have 
the  quantity  of  LEDs  needed.  You  will  not  find 
pricing  like  this  ever  again  we  bought  out  two 
factory  inventories!  Here’s  the  scoop:  Big  bag  o 
leds  have  500  pcs  and  are  all  RED  jumbo  5 mm 
size  with  crystal  clear  bulbs.  You  pick  the  lumi 
nous  intensity,  bear  in  mind  that  the  2500  mcd 
high  bright  units  are  flashlight  intense!  Big  buy 
ers  will  love  the  2,000  LED  boxes!  These  LEDs 
are  the  smaller  T 1 size  with  full  leads,  available 
in  Red  or  Green.  Imagine  2,000  Leds  for  less 
than  a penny  each! 

01 31 288R  High  Bright  500pc  bag  $15.00 
01 31 292R  Standard  Bright  500  pc  bag  $15.00 
0130956R  Box  o leds  Red  2,000pcs  $19.95 

0130955R  Box  o leds  Green  2,000pcs  $19.95 


Windsor’s  Blue  LED  Special 


Holy  Smokes!  Can  you  believe  the 
price  on  this  BLUE  LEDs?  First 
quality  from  our  factory  buyout.  Big 
and  bright!  These  normally  sell  for 
$1.50  each  and  that’s  in  big  quanti 
ties!  We’re  crazy  to  sell  'em  so  cheap!! 
0131297R  50pcs  $19.95 

0131297 500pcs $99.95 


Laser  Fiber  Optic  Transmitter 


Brand  new  HP  Agilent  model 
LST2829  Laser  transmitter  mod 
ule.  Capable  of  622  MB/s  data 
rates,  1 mW  output  power,  1 300 
nm  wavelength,  includes  on  chip 
)ower  monitor  diode.  These  are 
ligh  end  quality  lasers  and  not 
often  found  on  the  surplus  mar 
ket!  Two  style  available,  A:  32” 
long  thin  pigtail  fiber  and  B:  16” 
long  encased  fiber.  Each  has  the 
same  electrical  specs.  Price:  $9.95  each 
Item  A:  0128526R  Item  B:  0128536R 


Cellphone  CMOS  Camera  Module 


Wow!  Here’s  the  guts  of 
the  camera  in  all  the  new 
cellphones.  Brand  new 
assemblies  made  by  Pic 
tos,  model  0187837M11. 
Camera  head  has  neat  rotating  head  and  snazzy 
look.  Flexible  circuit  board  has  tiny  connector  on 
end  for  hook  up.  Opening  the  cam 
era  head  reveals  a super  tiny  sin 
gle  chip  camera  1C  that  is  only  3/8” 
square  including  built  in  lens!  Sorry 
we  have  no  specs  on  this  unit,  but 
should  be  easy  to  research  on  the 
net  or  with  a scope. 

0128842R $8.95 


Tool  Set 


Well  made  quality 
3 piece  plier  set. 

Includes  deluxe 
padded  zipper 

case.  Pliers  are  big  8”  in  size, 
you  get:  needlenose,  diagonal 
and  lineman  style  with  handy 
crimper  and  stripper  dies  on 
each  tool!  Get  a few  for  the 
car,  gifts  and  toolbox,  they  are  that  nice! 

01 28871 R $12.95 


Check  our  web  site  for  more  great  deals! 


Truck  Stereo 


New  in  dash  cassette 
stereo  AM/FM  radio,  LCD 
display,  drives  4 speakers 
(80  watts!)  Even  has 
Weather  band!  Quality 
fully  enclosed  case,  easy  hookup,  great  for  in 
wall  home  installations!  Runs  on  12  VDC. 

01 28872R $29.95 


Ion  Generator 


Build  your  own  Ion 
Breeze  air  purifier!  New 
module,  120  VAC  in, 
7.5KV  out!  Surplus  from  air  cleaner  maker 
who  sold  them  for  $200! 

01 28873R $7.95 


Cellular  Bi  Directional  Amp 


Super  rugged  unit  features  powerful  3 watt 
RF  amplifier  for  transmit  and  sensitive 
receive  amplifier.  Utilizes  diplexer  ceramic  fil 
ters.  Additional  circuitry  for  protection,  regu 
lation,  etc.  Sorry,  we  have  no  specs  on  this, 
but  its  a treasure  trove  for  the  experimenter 
and  RF  guru.  Brand  new.  Size:  4.5  x 5 x 1 .5” 
in  rugged  extruded  aluminum  heat  sink  style 
case.  Uses  mini  UHF  connectors. 

0127460R $14.95 


Rechargeable  Battery  Blowout! 


Popular  Nicad  batteries,  1 .25V  all  brand  new, 
recent  stock.  A &B  are  NiCad  and  C is  NimH. 
A:  AAA  400mah  0125339R  2 for  $1.00 

B:  Sub  C 2500  mah  0125443R  2 for  $1.75 

C:  3.6  Volts  750mah  01 25348R  2 for  $3.00 


Nice,  new  5 AA  cell  nicad  pack. 
6 Volt  700mah  with  6”  wire 
leads.  Great  for  projects  or 
cordless  phone  replacements. 
0125345R $2.50 


Big  box  of  50  brand  new 
AA  button  top  NiCads.  Fit 
anywhere  an  AA  battery 
does.  1 .25V  800mah. 
Best  price  in  the  USA! 
0128870R $19.95 


Lithium  Ion  Rechargeables  !! 


Rechargeable 
Lithium  batteries 
pack  the  highest 
density  of  power 
for  size  and 
weight!  Ideal  rec 
tangular  size  is 
easy  to  fit  in  your 
project.  All  3.6 
Volt  and  approx  rated  Amp  Hour  capacity. 

A:  1 Ah  1 .95x1 ,34x.4”  01 25337R $1 .50 

B:  ,8Ah  1.95x.1.34x.25”  0125349R $1.25 

C:  ,8Ah  1 .95x1 ,24x.23”  01 25350R $1 .25 


www.shopatwindsor.  com 
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by  L.  Paul  Verhage 


Approaching  the  Final  Frontier 

Near  Space 

Adapting  Cell  Phone  Battery  Cells 
for  Near  Space  Use 


Due  to  the  extreme  cold  of 
near  space  (NS),  hobbyists 
must  be  careful  when  select- 
ing power  sources  for  their  NS  craft. 
On  one  or  two  occasions,  I have  lost 
track  of  a NS  craft,  apparently  due  to 
cold  batteries.  To  reduce  this  risk, 
most  of  us  involved  in  amateur  NS 
use  lithium  cells,  which  can  be  rated 
to  -60°  F. 

My  source  of  these  cells  is  S & G 
Photographies  or  Fair  Radio  Sales. 
These  cells  come  from  surplus 
military  battery  packs.  Each  pack- 
age contains  either  five  or  10  cells 
that  are  either  D cells  or  a slightly 
shortened  version  thereof.  The  only 
risk  I face  using  these  surplus  cells  is 
that  they  are  10  years  beyond  their 
expiration  date.  Since  the  cells  are 
based  on  a lithium  sulfate  chemistry, 
they  self-discharge  very  slowly  and 
still  retain  most  of  their  original 
capacity,  but  — every  once  in  a while 
- I’ll  find  a bad  cell. 

If  I discover  a bad  cell  before  I 
assemble  the  battery  pack,  that’s 
fine.  It’s  the  possibility  of  discovering 
a bad  cell  during  a mission  that  has 
me  worried,  so  I’ve  kept  my  eye  open 
for  an  alternative.  One  alternative  is 


using  rechargeable  cells  that  aren’t 
sensitive  to  cold  temperatures. 
NSTAR’s  Mark  Conner  has  had 
success  with  NiHM  cells,  for  exam- 
ple. However,  I hesitate  to  use  NiCds 
and  NiMHs  because  of  their  memory 
effect. 

Recently,  hobbyists  have  been 
able  to  purchase  cell  phone  batteries 
through  surplus  electronics  dealers. 
These  batteries  use  a lithium-ion 
chemistry,  so  they’re  reasonably 
energy  dense  (high  capacity  for 
their  size  and  weight)  and  recharge- 
able. Batteries  this  good  are  usually 
expensive  (just  wait  until  you  have 
to  replace  your  cell  phone  battery), 
but  now  that  they  can  be  purchased 
surplus,  their  cost  has  become  very 
reasonable. 

I purchased  several  7.2  V 1,200 
mAH  batteries  from  All  Electronics 
for  $6.50  each  (part  number  LBAT- 
35)  and  the  charger  for  $4.50  (part 
number  BC-9).  Being  lithium-ion 
batteries,  they  don’t  suffer  from  the 
memory  effect  found  in  NiCds  and 
they  are  less  susceptible  to  failure 
due  to  cold  temperatures.  On  the 
negative  side,  however,  is  the  fact 
that  they  are  designed  for  cell  phone 
battery  compartments.  The 
battery  connector  found  in 
a cell  phone  is  not  very 
friendly  for  use  in  NS  or 
robotics  projects. 

In  this  month’s  column, 
I’ll  describe  how  you  can 
adapt  these  inexpensive 
batteries  for  your  projects. 
The  modification  is  simple 
and  — when  you’re  done  — 
you’ll  have  a great 
rechargeable  battery  to  use 


in  your  robotic  or  NS  projects. 

Battery  Mod 

The  cells  for  this  battery  are 
sealed  in  a hard  plastic  case.  Two 
“springy”  metal  pins  in  the  cell 
phone  battery  case  make  contact 
with  the  metal  tabs  molded  into  the 
battery  case.  Since  I couldn’t  find 
a battery  holder  for  cell  phone 
batteries  at  my  local  RadioShack,  I 
decided  to  modify  the  electrical 
connection  to  the  battery  to  suit  my 
needs.  Figure  1 shows  what  the 
battery  looked  like  before  the  modifi- 
cation. The  cap  covering  the 
battery’s  tabs  prevents  short  circuits 
when  carrying  a charged  battery  in 
your  pocket. 

Materials 

• Two  lengths  of  12  gauge,  stranded 
wire  (use  red  and  black) 

Note:  I used  the  silicon  rubber 
insulated  wire  available  at  R/C  car 
stores 

• 2”  diameter  heat  shrink  tubing  and 
heat  gun 

• Two  connectors  suitable  for  your 
projects  Note:  I used  a pair  of 
Anderson  Power  Pole  connectors 

• Solder  and  soldering  iron 

• Wire  cutters  and  strippers 

• Electrician's  tape 

• Masking  tape 

Procedure 

First,  a few  words  of  warning.  Do 
not  charge  your  battery  before 
making  this  modification.  Also, 
watch  that  you  do  not  accidentally 
short  the  battery  while  modifying  it. 
The  modification  is  safe,  but  you 
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Figure  2. The  modified  lithium-ion  cell  phone  battery. 
Now  you  can  use  these  great  and  inexpensive 
batteries  in  your  hobbies. 


need  to  watch  what  you  are  doing. 

This  modification  involves  solder- 
ing two  #12  AWG  gauge  wires  to  the 
battery’s  tabs  and  then  covering  the 
exposed  connection  with  tape  and 
heat  shrink. 

So,  begin  by  firing  up  your 
soldering  iron.  After  it  warms  up, 
apply  a thin  coat  of  solder  to  the 
entire  exposed  surface  of  the 
electrical  contacts  of  the  lithium-ion 
battery.  Do  this  quickly,  as  you  don’t 
want  to  heat  the  metal  contacts  any 
longer  than  necessary.  The  battery 
chemistry  may  not  respond  favorably 
to  high  heat  and  you  certainly  do 
not  want  to  melt  the  plastic  case.  I 
found  that  the  gold-colored  contacts 
soldered  very  easily. 

Cut  a red  and  a black  wire  to  the 
same  length.  These  wires  will  become 
the  battery’s  new  power  cable,  so 
select  the  power  connectors  you  plan 
to  use  and  crimp  and/or  solder  them 
to  one  end  of  each  wire.  It’s  easier  to 
terminate  your  wires  now  than  later, 
when  the  battery  is  hanging  from  the 
other  end.  In  my  example,  I cut  my 
wires  4”  long  and  crimped  Anderson 
Power  Poles  on  the  ends. 

Strip  between  1/8”  and  1/4”  of 
insulation  from  the  other  ends  of  the 
two  wires.  Bend  the  ends  of  the 
exposed  wires  at  right  angles  where 
the  insulation  ends  and  tin  the 
exposed  ends  with  solder.  Watch  out 
— the  wires  will  stay  hot  for  a while,  so 
be  careful  when  you  handle  them. 

Look  at  the  front  of  the  battery 
and  beneath  the  tinned  electrical 
contacts.  There,  you’ll  see  a small 
positive  and  a small  negative  mark 
imprinted  on  the  plastic  battery  case. 
These  represent  the  polarization 
of  the  electrical  contacts.  After 
determining  the  polarization  of  the 
tinned  contacts,  solder  the  wires  onto 
the  battery  contact.  Be  sure  you 
solder  the  red  wire  to  the  positive 
contact  and  the  black  wire  to  the 
negative  contact. 

To  solder  the  wires  to  the  battery, 
I recommend  laying  a 12  gauge  wire 
on  the  front  of  the  battery  case  with 
its  tinned  end  touching  a tinned  bat- 
tery contact.  Wrap  a strip  of  masking 
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tape  around  the  battery  and 
wire  to  hold  them  together 
while  you  solder  the  wire  to 
the  battery  contact.  When  sol- 
dering the  wire  to  the  contact, 
quickly  apply  a well-tinned 
soldering  iron  to  the  wire  and 
battery  contact.  The  solder  in 
the  tinned  wire  and  battery 
contact  will  melt  and  fuse 
together.  Remove  the  solder- 
ing iron  as  soon  as  the 
connection  is  made.  Repeat 
the  process  on  the  other  wire. 

Once  the  solder  has 
cooled,  cut  two  pieces  of  electrician’s 
tape  and  cover  the  exposed  solder 
joints  on  the  top  of  the  battery.  Cut 
the  tape  long  enough  to  not  only 
cover  the  top  of  the  battery,  but  also 
to  partially  cover  the  sides  of  the 
battery.  For  good  measure,  wrap  a 
strip  of  electrician’s  tape  around  the 
top  of  the  battery  and  cover  the  ends 
of  the  first  two  strips. 

Finish  the  battery  modification 
by  cutting  a 2-1/2”  length  of  2” 
diameter  heat  shrink  tubing.  Slide  the 
tubing  over  the  battery  and  fully  cover 
both  the  body  of  the  battery  and  the 
ends  of  the  electrician’s  tape  that  was 
used  to  cover  the  solder  on  the 
battery.  Shrink  the  tubing  down. 


When  completed,  your  battery  should 
look  like  the  one  in  Figure  2.  Repeat 
this  modification  for  the  rest  of  your 
cell  phone  batteries. 

Charger  Mod 

Once  a battery  has  been  modi- 
fied, it  can  no  longer  charge  on 
its  original  charger,  so  let’s  modify 
that,  too. 

Materials 

• Small  Phillips  screwdriver 

• 22  gauge  stranded  wire  (in  red  and 
black) 

• 3/16”  heat  shrink  tubing 

• Power  connectors  to  mate  to  the 


NanoCorel2™  for  best  performance  and  price! 
9S12C  microcontroller  modules  starting  at  $45! 


www.technologicalarts.com 
Toll-free:  1-877-963-8996 
(USA  & Canada) 


rMNanoCorel2  is  a trademark  of  Technological  Arts,  Inc. 

® BASIC  Stamp  is  a registered  trademark  of  Parallax,  Inc. 


NanoCore12™  Features: 

• on-board  RS232C  interface 

• up  to  33  I/O  lines,  with  multi- 
property programmability 

(e.g.  direction,  pull-up/pull-down, 
reduced  drive,  invert  polarity,  etc.) 

• up  to  8 key  wake-up  interrupt 
inputs,  with  digital  filtering 

• SCI  • SPI  • CAN 

• 8-channel  10-bit  ADCs 

• multiple  PWM  channels 

• 4-channel  timers,  supporting 
input  capture/output  compare, 
event  counting,  gated  time 
accumulation,  and  simple  PWM 

• 32K  multi-sector  Flash  • 2K  RAM 

• operates  up  to  48MHz  via  PLL 

• 3.3  V or  5 V operation 

• advanced  CISC  architecture 

• on-chip  Serial  Monitor 

• supports  BDM  debugging 
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Figure  3. This  is  what  the  inside  of  my 
charger  looks  like. 


power  connectors  in  the  modified 
battery 

• Wire  cutters  and  strippers 

• Solder  and  a soldering  iron 

• Heatsink  clip  or  other  small  clamp 

Procedure 

It  shouldn’t  be  necessary  to  say 
this,  but  please  make  this  modifica- 
tion while  the  charger’s  wall  wart  is 


disconnected  from  the  charger  base. 
Cinder  no  circumstances  should  you 
make  this  modification  while  the 
charger  is  plugged  into  the  wall. 

Look  at  the  pocket  of  the  charger. 
You  will  see  two  pairs  of  metal  pins. 
Two  metal  pins  make  an  electrical 
connection  with  the  battery  and  the 
two  other  metal  pins  detect  the  pres- 
ence of  the  battery.  Unless  a battery 
is  pressed  into  the  charger  pocket, 
the  charging  pins  are  not  pressed  into 
contact  with  the  charge  circuit.  In  this 
way,  there  is  no  voltage  present  at  the 
charging  pins  when  the  battery  is  not 
located  in  the  pocket.  It’s  been  a while 
since  I modified  my  charger,  but  this 
is  how  I made  it. 

The  case  of  the  charger  is  held 
together  with  two  Phillips  screws 
located  in  the  bottom  of  the  charger 
case.  Remove  these  two  screws  and 
the  case  should  pop  open.  The  two 
bottom  pins  (the  battery  detecting 
pins)  pull  right  through  the  holes 


in  the  case.  The  charging  pins 
also  pulled  out  of  the  case  when  I 
opened  it. 

Now,  look  inside  the  charger  and 
identify  the  two  pairs  of  leaf  springs 
containing  the  two  battery  detecting 
pins  and  the  two  charging  pins.  The 
top  leaf  spring  contains  the  battery 
detecting  pins  that  protrude  from  the 
bottom  two  holes  of  the  charger 
pocket.  The  bottom  leaf  spring  is  con- 
nected to  the  two  charging  pins  that 
protrude  from  the  top  two  holes  of  the 
charger  pocket.  Notice  that  the  two 
leaf  springs  form  the  switch  inside  the 
plastic  case  that  lets  current  flow  into 
the  cell  phone  battery  when  it  is 
dropped  into  the  charger  pocket. 

The  first  modification  to  make 
involves  soldering  the  two  leaf  springs 
together  so  there’s  always  power  from 
the  recharge  circuit.  Use  a heatsink 
clamp  and  clamp  the  top  and  bottom 
leaves  together  on  the  side  of  the 
springs  where  the  battery  sensing 
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Surplus 

Gray  Power  Cord 

(COL)  368-0110-00 


BELDEN  UL  / CSA  rated 
SJT  cord.  18/3,  molded  plug. 
Collins  gray.  10  amp/ 10  foot 
long. 

$14.00  each 


Sales  of 

8 foot  Cheater  Cord 

(WCC)  CHEATCORD 


Socket  end  2 round  pins,  same 
size,  non  polarized.  AC  cord  2 
blade,  non  polarized.  UL  Listed. 
16  guage  rated  at  7 amps. 

$1.00  each 


Leviton  AC  Outlet 

(CNE)  LEV-1 


v 


15  amp,  pre-wired  grounded 
AC  outlet.  Snaps  into  15/16” 
square  hole.  Leviton  brand. 


$1.50  each 


3 Blade  Receptacle 

(CNE)  EAC309 


AC  socket  fits  all  3 blade 
business  machine  style  PH-386 
plugs.  Fits  in  7/8”  x 1-1/4”  hole. 
Mounting  holes  are  on  1-5/8” 
centers. 

$1.25  each 


Silver  Bearing  Solder 

(ADH)  24-7040-8807 


Silver  Bearing,  Lead-Free 
High  Temperature  Solder 
made  by  Kester.  221  °C 
melting  point.  1 lb  roll.  .020” 
diameter  wire. 

$25.00  per  roll 


Please  visit  our  website  with  over  2,000  pages  and  10,000  images  • www.surplussales.com 


Power  Supplies:  Low  Voltage,  High  Voltage, 
Lighting,  Precision. 


Teflon®  Wire:  From  1 0 gauge  to  26  gauge 


Heatsinks:  All  Sizes  and  Shapes.  Large 
Quantities  for  Manufacturers 


Telephones:  Rotary,  Touch-Tone,  Multi-Line, 
etc. 

Finaerstock:  Over  20  styles  and  sizes 


"22^  HI  Manuals:  1 .000s  of  radio,  militarv  and 

A Vacuum  Tubes:  Over  1 .000.000  vacuum 

test  equipment  manuals  on  hand!! 

J tubes  in  stock!! 

Fujitsu  Pen  Computers 

SSfc  Variacs:  From  3 amps  to  245  amps. 

Motors  & Pumps:  Svnchronous.  aear 
reduction,  projector  motors,  etc. 

Split  Beads:  For  are  all  of  vour 
interference  problems. 

1 Transformers:  Hiah  & Low  voltaae. 
'BP  chokes. 

.?^BlL  EMI  / RFI  Filters:  Sinale  Phase  / Three 
- IMC  Phase  & Single  Lead  styles. 

'Sgij^Rotarv  Switches:  Ceramic,  phenolic. 

Hiah  Impact  Shiccina  Containers 

1502  Jones  Street,  Omaha,  NE  68102  • Fax:  402-346-2939  • e-mail:  grinnell  @ surplussales.com  • Visa,  Mastercard,  American  Express  or  Discover 
Call  or  e-mail  for  shipping  and  total  charges.  All  SPECIALS  in  this  Ad  only  good  for  30  day  advertising  cycle.  No  exceptions  please. 

www.surplussaleflcom  800-244-4567  • 402-346-4750 
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pins  are  closed  to  the  leaf  contacts 
(in  my  charger,  this  is  on  the  left  side 
of  the  leaves).  Now,  solder  the  leaves 
together  (the  leaves  appear  to  be 
made  of  brass).  After  the  solder 
cools,  remove  the  heatsink  clamp. 
The  leaves  will  remain  in  contact  if 
the  soldered  connection  is  good. 

The  next  step  is  to  connect  wires 
and  connectors  to  the  charger  that 
can  interface  with  the  modified  cell 
phone  battery.  Cut  two  lengths  of  wire 
(red  and  black)  about  8”  long.  For  my 
charger,  I used  #22  AWG  stranded 
wire.  We  can  get  by  with  thinner 
gauge  wire  on  the  charger  unit  than 
on  the  battery  because  the  charger 
recharges  the  battery  at  a low 
current,  whereas  the  battery  may  be 
discharged  at  a high  current. 

Crimp  and/or  solder  the  same 
type  of  connectors  used  in  the  battery 
mod  to  one  end  of  both  wires.  Now 
strip  about  1 /4”  of  insulation  from  the 
other  ends  of  each  wire  and  tin  them. 


Slide  a short  length  of  heat  shrink 
tubing  over  the  wires  and  push  them 
away  from  the  bare  ends  of  the  wires 
and  close  to  the  crimped  connectors 
on  the  other  end  (you  want  to  keep 
the  heat  shrink  away  from  where  you 
will  be  soldering).  Thoroughly  tin  the 
battery  charging  pins. 

If  the  front  of  the  charger  is  pointed 
at  you  (the  front  of  the  charger  has 
the  two  LED  indicators),  then  the 
right  charging  pin  is  negative  and  the 
left  charging  pin  is  positive.  You  can 
verify  this  by  looking  at  the  charging 
circuit’s  FCB  silk  screening. 

Pass  the  two  #22  AWG  gauge 
wires  through  the  two  charging  pin 
holes  in  the  pocket  of  the  charger 
case.  Be  sure  to  pass  the  black  wire 
through  the  right  hole  and  the  red 
wire  through  the  left  hole.  Press  one 
of  the  tinned  ends  of  wire  into  contact 
with  a tinned  charging  pin  and  heat 
both  of  them  with  a well-tinned  solder- 
ing iron.  Hold  the  wire  in  place  until 


the  solder  cools.  Repeat  the  same  thing 
with  the  other  pin.  Once  the  solder 
cools,  slide  the  heat  shrink  over  the 
soldered  connection  and  shrink. 

Now,  you  can  close  the  charger 
case.  Be  sure  a wire  doesn’t  get 
pinched  in  the  case. 

I have  used  my  new  batteries 
twice  on  NS  missions  and,  so  far,  I’m 
pleased  with  the  results.  NV 


Turn  Your  interest  into  income! 

Get  a Good  Paying  Job  in  Industrial  Electronics 
...We  Train  You  at  Home  in  Your  Spare  Time 

Turn  your  hobby  into  a career  you 
enjoy!  A high-demand  career  that 
offers  a stable  future  and  pays  top 
dollar.  No  night  school,  no  travel. 

You  do  it  at  home  using  our  govern- 
ment approved  distance  learning 
system.  Includes  one-on-one 
consultations,  valuable  International 
Society  of  Certified  Electronics 
Technicians  training,  bench  skills, 
professional  instruments  you  keep 
and  use  on  the  job.  Check  us  out! 

• Industrial  Robotics  • Numerical  Control  Machine  Tools 
• Computer  Integrated  Manufacturing  Systems 
• Process  Controls  • Flexible  Manufacturing  Systems 
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Electro-Net 


Go  to  www.nutsvolts.com  — click  Electro-Net 


SERIAL  LCD  DISPLAYS 

• packed  with  features 

1 

• total  control  / easy  to  use 

. 1 
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Let’s  Get  Technical 


by  James  Antonakos 


Electronic  Theories  and  Applications  From  A to  Z 

Let’s  Get  Technical 

Hop,  Skip,  and  Jump  — 
Pseudo-Random  Frequency  Hopping 


Everyone  seems  to  be  jumping 
onto  the  wireless  networking 
bandwagon.  With  more 
and  more  devices  going  wireless, 
the  airwaves  are  constantly  filled 
with  numerous  digital  “conversa- 
tions.” For  ordinary,  law  abiding 
wireless  users,  the  congestion 
is  handled  using  a wireless 
protocol  that  allows  for  reliable 
communication  in  a noisy,  compet- 
itive environment. 

However,  due  to  the  broadcast 
nature  of  wireless  networking,  other 
users  may  try  to  tap  into  the  wireless 
network,  eavesdropping  on  the 
flow  of  information  and  looking  for 
useful  data. 

How,  then,  can  a user  enjoy  a 
sense  of  privacy  when  using  a 


wireless  device?  Certainly,  we  can 
encrypt  the  data  so  that  — if 
intercepted  — its  meaning  remains 
hidden.  For  strong  encryption,  a key 
with  many  bits  must  be  used;  this, 
in  turn,  requires  a large  set  of  calcu- 
lations. Without  a fast,  dedicated 
processor,  strong  encryption  may 
not  be  feasible  for  many  applica- 
tions, particularly  mobile  wireless 
devices. 

One  electronic  method  of 
providing  privacy  to  a transmitted 
signal  is  called  Frequency  Hopping. 
In  this  method,  a band  of  frequencies 
is  broken  up  into  several  smaller 
bands. 

After  a portion  of  information  is 
transmitted  at  one  frequency,  the 
transmitter  changes  frequencies 


and  continues  transmission. 
When  changing  frequencies,  the 
transmitter  randomly  (at  least  it 
appears  random)  selects  a new 
frequency  from  the  set  of  frequen- 
cies in  the  band. 

By  choosing  a random  frequency 
to  jump  to  for  each  new  transmis- 
sion, anyone  listening  in  to  the 
transmission  must  also  switch  to  the 
new  frequency  or  lose  reception  of 
the  information. 

If  enough  frequencies  are  used 
and  the  hopping  around  is  com- 
posed of  a large  number  of  jumps, 
it  will  be  very  difficult  for  the 
eavesdropper  to  receive  a valid 
stream  of  information. 

Figure  1 shows  a simple  circuit 
that  generates  a pseudo-random 
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Pattern 

Output 

DCBA 

Decimal 

Value 

Frequency  (Hz) 

Direction  of 
Change 

1 

0 0 0 0 

0 

219 

N/A 

2 

1000 

8 

218 

Down 

3 

1 1 0 0 

12 

215 

Down 

4 

1110 

14 

204 

Down 

5 

0 111 

7 

94 

Down 

6 

10  11 

1 1 

142 

Up 

7 

110  1 

13 

179 

Up 

8 

0 110 

6 

207 

Up 

9 

00  11 

3 

162 

Down 

10 

100  1 

9 

195 

Up 

1 1 

0 100 

4 

216 

Up 

12 

10  10 

10 

210 

Down 

13 

0 10  1 

5 

187 

Down 

14 

00  10 

2 

212 

Up 

15 

0 0 0 1 

1 

199 

Down 

Table  /.  Output  sequence  of  the  frequency  hopping  circuit  with  associated  output  frequencies. 
This  group  of  1 5 patterns  repeats  endlessly. 

sequence  of  1 5 different 
frequencies,  as  indicat- 
ed in  Table  1 . An 
Exclusive  NOR  (XNOR) 
feedback  circuit  uses 
the  last  two  bits  of  a 
four-bit  shift  register  to 
determine  the  next  bit 
clocked  into  the  shift 
register.  Each  new  bit 
clocked  into  the  shift 
register  causes  the  four- 
bit  output  pattern  to 
change. 

Note  the  seemingly 
random  sequence  at  the 
DCBA  outputs.  It  is  not 
really  random,  since 
the  same  15  pattern 
sequence  will  repeat 
over  and  over.  This  is 
because,  when  the 
outputs  are  0001,  the 
next  output  will  be 
0000,  which  is  where 
we  started. 

So,  the  four-bit  shift 
register  provides  15 
patterns.  A five-bit  shift  register  could 
provide  31  patterns.  A 16-bit  shift 
register  could  provide  65,535 
patterns,  none  of  which  are  the  same, 
with  the  entire  sequence  repeating 
every  65,535  patterns.  That  would 
probably  be  secure  enough. 


The  inverters  are  used  to 
provide  a little  extra  current  drive  to 
the  second  555  timer  circuit.  The 
diodes  allow  the  resistors  to  be 
connected  in  parallel  whenever  the 
associated  inverter  output  is  high. 
With  15  different  output  patterns, 


there  will  be  15  different  combina- 
tions of  the  four  frequency  resistors, 
which  — in  turn  — leads  to  15 
different  timing  scenarios  for  the 
second  555  timer. 

Look  at  Figure  2 to  see  a 
student’s  breadboard  of  the  frequency 
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Figure  2.  An  actual  frequency  hopping  circuit, 
wire-wrapped  on  a breadboard. 


hopping  circuit.  In  just  one  after- 
noon, the  student  was  introduced  to 
the  topic  during  lecture  and  the 
circuit  was  breadboarded  and  tested 
in  lab. 


One  problem  with 
the  range  of  generated 
frequencies  in  Table  1 is 
the  distribution. 

Notice  that  some 
frequency  changes 

between  output  patterns 
are  very  small  (just  1 Hz 
between  patterns  1 and  2, 
for  example).  The  four 
frequency  resistors  need 
to  be  adjusted  in  this  case. 
The  entire  set  of  generated 
frequencies  will  change, 
so  a little  experimentation 
or  work  with  the  555  timer 
equation  will  be  necessary 
to  obtain  the  desired 
frequency  spread. 

One  last  point  deserves 
mention.  What  happens  if  the  shift 
register  begins  with  an  initial  pattern 
of  1111?  Through  the  feedback 
circuit,  another  1 will  get  clocked  in, 
making  the  next  pattern  1111,  the 


same  as  the  last  pattern. 

This  is  an  illegal  state  for  the 
pseudo-random  sequencer  to  start  in 
because  it  can  never  get  out  of  it.  In 
addition  — due  to  the  inverters  — 
there  will  be  no  resistance  to  pin  7 of 
the  second  555  timer,  which  would 
prevent  oscillation  during  the  1111 
pattern.  A power-on  reset  or  some 
other  initialization  signal  is  required  to 
prevent  the  1111  pattern  from 
appearing.  NV 
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Something  “fishy”  is  going  on  in  Test  and  Measurement 
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jSTliGEAY  Dual  Channel  Oscilloscope, 
Signal  Generator  & Multi-Function  Instrument 


STiHCiLAT  is  the  value-for-money  dual-channel  PC 
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New  Product  News 


CURRENT  TRANSFORMERS 
FIT  SMALL  FOOTPRINT  WITH 
VARIOUS  MOUNTING  OPTIONS 


Anew  line  of  current  transformers  from 
Foster  Transformer  features  compact 
construction  and  multiple  mounting 
options  to  meet  any 
design  parameter. 

They  are  ideal  for 
use  in  motor  con- 
trol applications, 

UPS  systems,  appli- 
ances, or  any  appli- 
cation where  isolated 
current  monitoring  is  desirable. 

Standard  models  feature  a 1:500  turn  ratio  and 
handle  rated  currents  from  0.1  to  30.0  amps.  Operating 
frequency  range  is  from  50  Hz  to  400  Hz. 

Each  size  and  model  includes  UL  Recognized  Class 
130  (B)  insulation.  Optional  1/4”  quick  connect  terminals 
keep  high  current  off  of  the  printed  circuit  board  and 
simplify  connections.  Pricing  starts  at  $1.10  each  in  1,000 
piece  quantities. 

For  more  information,  contact: 


FOSTER  TRANSFORMER 

3820  Colerain  Ave. 

Cincinnati,  OH  45223 
Tel:  800-963-9799 
Email:  info@foster-transformer.com 
Web:  www.foster-transformer.com 
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UNIVERSAL  QUAD  SMT 
ADAPTERS 

Beilin  Dynamic 
Systems,  Inc., 
announced  the  latest 
Snap-Apart™  adapter 
board  — the  P519. 

The  P519  is  a 
Universal  Quad 
Adapter  that  will 
work  with  most  SMT  Quad  ICs  on  .4  or  .5  mm  spacing.  It 
is  designed  to  carry  Quad  ICs  with  32  to  256  leads.  Each 
adapter  takes  SMT  Quad  chips  and  breaks  out  the  leads 
into  dual  row,  .100”  header  pins.  The  kit  holds  one  Snap- 
Apart  board  with  two  adapters  and  eight  80-pin  .100” 
header  strips.  The  P519  is  a quick  and  economical 
solution  to  Quad  SMT  prototyping. 

Pictures,  product  information,  and  printable  data  fit 
check  sheets  are  available  at  Beilin’s  website.  The  P519  is 
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currently  available  for  $59.95  each. 

For  more  information,  contact: 

BELLIN  DYNAMIC  SYSTEMS,  INC. 

211  S.  State  College  Blvd.  #319 
Anaheim,  CA  92806 

714-630-8024  Fax:  71 4-6 3 0-802 5 
Email:  jsohn@beldynsys.com 
Web:  www.beldynsys.com 
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NEW  COMPACT  POWER 
PACKAGE 


PowerDI  5 


Uodes  Inc.,  now  has 
’available  a New 
PowerDITM5  Compact 
Power  Package  which 
includes  the  introduc- 
tion of  new  high  voltage 
Schottky  barrier  recti- 
fiers: PDS3200  and 

PDS5100H.  The  new 
PowerDITM5  compact,  low  profile  package  — with  its 
patent-pending  flat  lead  frame  and  heatsink  solder  pad  — 
offers  higher  power  dissipation  and  surge  capabilities. 

The  new  components  occupy  only  26.7  mm2  of 
printed  circuit  board  (PCB)  area  while  offering  higher 
power  dissipation.  It  also  delivers  major  improvements  for 
compact  applications  where  circuit  board  space  is  at  a 
premium. 

With  this  new  product  release,  Diodes,  Inc.,  continues 
to  extend  its  product  range  of  subminiature  discretes  and 
arrays  benefiting  automotive  devices,  power  conversion, 
industrial,  server  and  network  applications,  and  more. 

For  more  information,  contact: 


DIODES,  INC. 

805-446-4800  Fax:  805-381-3838 
Web:  www.diodes.com 
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COOLGUARD 


Weber  Sensors,  Inc., 
announces  the 
introduction  of  CoolGuard. 
This  first-of-a-kind  flow-captor  is 
two  sensors  in  one.  It  monitors  the 
flow  rate  and  also  the  temperature  of  the 
flowing  medium  and  provides  a solidstate  switch  if 
flow  is  lost  or  temperature  is  exceeded. 

The  CoolGuard  is  solidstate,  with  no  moving  parts.  In 
addition,  it  is  the  ideal  replacement  for  old  fashioned 
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mechanical  flow  switches.  It  won’t  foul,  stick,  wear  out,  or 
be  damaged  by  excessive  flow  rates.  It  can  be  mounted 
horizontally  or  vertically  with  no  effect  on  the  switching 
point.  It  has  Normally  Open  “fail  safe”  switching  logic  — 
unlike  mechanical  switches  that  often  fail,  indicating  flow 
is  okay  when  no  flow  exists.  CoolGuard  is  simple  to  install 
and  is  factory  pre-set,  so  it  requires  no  calibration  or 
adjustment. 

Priced  right  for  the  OEM  as  well  as  the  small  quantity 
user,  the  CoolGuard  offers  a low  cost  solution  to  solidstate 
flow  and  temperature  monitoring.  The  CoolGuard  — for 
small  quantities  — is  listed  at  $195.00.  For  higher  volume 
quantities,  it  is  less  than  $100.00.  Purchase  from  their 
website  or  by  phone. 

For  more  information,  contact: 

WEBER  SENSORS,  INC. 

2230Towne  Lake  Pkwy. 

Building  900  #200 

Woodstock,  GA  30 1 89 

Tel  770-592-6630 

Web:  www.captor.com 
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its  USB  Gateway. 

Moreover,  OES- 
ZUSB-1000  contributes 
to  reduced  risk  for 
developers,  as  it  has 
the  requisite  security 
features  to  protect  data 
that  is  transmitted, 
while  also  being  fairly 
immune  to  RF  inter- 


ference. Indeed,  the  self-replicating  capabilities  of  a 
wireless  network  allow  for  ever-expanding  transmission 
of  data  carried  out  over  low  frequencies  with  limited 
interference.  The  sensors  that  come  with  the  OES-ZUSB- 
1000  allow  for  viewing  respective  data  in  a real  time 
basis  — all  due  to  the  functioning  of  the  wireless 
networks. 

OES-ZUSB-lOOO’s  functionality  — while  allowing  for 
flexibility  and  greater  productivity  — is  especially  geared 
for  developers  in  applications  that  require  robust  and 
reliable  wireless  networks  with  low  power  usage  for 
monitoring  and  control  over  long  distances,  often  without 
the  need  for  substantial  levels  of  data  transmission  (e.g., 
mostly  text,  graphics,  and  Internet)  for  automation  and/or 
control  of  the  ultimate  product. 


COMPLIANT 

DEVELOPMENT 

PLATFORM 

OnEarth  Solutions  Corporation  is 
growing  as  the  IEEE  802.15.4 
wireless  application  platform  — a 
precursor  to  the  emerging  ZigBee 
standard  — enables  them  to  assist 
with  custom  design  projects  as  you 
develop  or  add  wireless  capabilities  to 
existing  products. 

They  currently  offer  an  IEEE 
802.15.4-Compliant  Development 
Platform  - OES-ZCISB-IOOO  - which 
enables  customers  — in  a rapid  and 
cost-effective  manner  — to  design, 
develop,  and  ultimately  test  scalable 
wireless  networks  (e.g.,  peer-to- 
peer,  star,  cluster-tree,  and  mesh) 
conducive  for  low  data  rate  transmis- 
sion, within  the  rubric  of  low  power 
consumption  (e.g.,  multi-month/-year 
battery  life). 

Additionally,  OES-ZUSB-1000 
allows  for  greater  ease  in  adding  wire- 
less capabilities  to  existing  products. 
The  OES-ZCJSB-lOOO’s  hardware, 
software,  and  documentation  are 
crafted  for  personal  computer, 
laptop,  or  embedded  hardware  use  via 

JANUARY  2005 


Learn  the  basics 

of  programming  and  networking 


imaginetools.com 


jp* 

limited  y ^ 

time  offer  / f| 

i 


Learn  by  doing! 

The  ImagineTools™ 
Ethernet  Starter  Kit 
gives  you  all  the 
tools  to  begin  your 
development. 


Ethernet  Starter  Kit 

C-Programmable  8-bit  Rabbit  3000®  Microprocessor 

Think 

Learn 

core  module  with  Ethernet,  experimentation  board, 
and  Dynamic  C Lite  with  compiler,  editor,  and  debugger. 

Build 

i 

imagine  tools 

Circle  #151  on  the  Reader  Service  Card. 


33 


New  Product  News 


Included  with  the  IEEE  802.15.4-compliant 
Development  Platform,  OES-ZUSB-IOOO  is  the  following: 

• One  USB-based  802.15.4  radio  transceiver. 

• Five  battery-operated  ready  sensors  (endpoints),  which 
can  be  configured  as  radio  repeater/router  units. 

• Selected  sensors. 

• Software  API  and  development  utilities. 

This  platform  allows  for  the  potential  integration 
of  802.15.4  wireless  solutions  into  existing  and 
prospective  products.  The  IEEE  802.15.4-compliant 
Development  Platform,  OES-ZCJSB-IOOO,  is  available  for 
$2,950.00. 

For  more  information,  contact: 

ONEARTH  SOLUTIONS  CORP. 

5284  Randolph  Rd.  #216 
Rockville,  MD  20852 

240-22  I -0256  Fax:  30 1 -299-2  1 42 
Email:  dalexander@onearthsolutions.com 
Web:  www.onearthsolutions.com 
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Pjco  Technology  — the  PC-based  test  and  measure- 
ment company  — has  introduced  a USB  (vl.l) 
version  of  its  popular  TC-08  eight-channel  thermocouple 
data  logger.  The  new  unit  samples  at  up  to  10  readings 
per  second  (more  than  twice  the  speed  of  the  serial  port 
version),  features  built-in  cold  junction  compensation 
(CJC),  and  covers  the  temperature  range  of  -270  to  1,820 
degrees  C. 

The  TC-08  can  be  used  with  thermocouple  types  B, 
E,  J,  K,  N,  R,  S,  and  T and  outputs  can  be  viewed  in 
degrees  C or  mV.  The  unit  is  accurate  to  0.2  percent  ±0.5 
degrees  C and  has  a resolution  of  better  than  0.1  degrees 
C for  most  thermocouple  types. 

The  TC-08’s  USB  connectivity  allows  multiple  units  to 
be  run  on  a single  PC,  making  it  easy  to  create  systems 
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with  up  to  80  thermocouples.  The  TC-08  is  supplied  with 
PicoLog  software  free  of  charge.  Full  and  demo  versions 
of  the  PicoLog  software  can  be  downloaded  from  Pico 
Technology’s  website. 

Alan  Tong,  Pico  Technology’s  Technical  Director, 
comments:  “The  serial  version  of  the  TC-08  was  launched 
in  1995  and  — with  temperature  being  the  most  common 
parameter  users  wish  to  measure  — quickly  became  one 
of  our  most  popular  data  logging  products.  However,  with 
serial  ports  no  longer  provided  on  modern  PCs, 
customers  had  to  buy  serial-to-USB  adapters  — but  no 
more.  The  new  TC-08  connects  to  a PC  via  USB, 
dispensing  with  the  need  for  an  adapter  and  delivering 
enhanced  performance.” 

With  the  free  PicoLog  Recorder  software,  the  user  can 
configure  multiple  (USB)  TC-08s,  set  the  sampling 
interval  from  0.1  seconds  to  several  hours,  and  set  the 
maximum  number  of  readings.  The  user  can  also  tell  the 
PicoLog  Recorder  what  to  do  once  the  thermocouple 
readings  have  been  taken.  Options  include  Stop;  Repeat 
Immediately  (start  again);  Scroll  (oldest  recordings 
disappear);  or  Repeat  After  Delay  (where  the  delay  is  set 
by  the  user).  The  user  can  also  perform  mathematical 
operations  on  the  thermocouple  outputs.  For  example, 
the  user  can  output  one  temperature  relative  to  another. 

Using  PicoLog  Recorder,  TC-08  data  can  be  viewed  in 
a spreadsheet  and/or  in  a graph  as  it  is  being  recorded. 
TC-08  data  collected  from  previous  recordings  can  also 
be  viewed  in  PicoLog  Player.  The  TC-08  (USB  version)  is 
available  immediately  and  retails  for  approximately 
$470.00,  plus  tax. 

For  more  information,  contact: 

PICO  TECHNOLOGY  LTD. 

Mill  House 
Cambridge  St 
St  Neots  PE  1 9 IQB 
United  Kingdom 

+44  1480  396395  Fax: +44  1480  396296 
Email:  enquiry@picotech.com 
Web:  www.picotech.com 
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A Simple  Shaded 
Pole  AC  Motor 

How  Could  Tesla  Be  Wrong? 


As  early  as  1821,  Michael  Faraday 
demonstrated  that  continuous  rotary 
motion  could  be  produced  by  passing 
a DC  (Direct  Current)  current  through  a wire 
in  the  presence  of  a magnetic  field. 

Many  pioneers  followed  in  his  footsteps, 
but  failed  to  develop  a commercially  successful 
DC  motor.  Development  was  hampered 
because  batteries  were  the  only  source  of 
electrical  power.  Batteries,  while  large  and 
heavy,  were  constructed  from  expensive 
materials  that  could  provide  little  energy.  As  a 
result,  electric  power  was  unable  to  compete 
with  the  current  technology  — steam  power. 
Steam  could  be  obtained  cheaply  from  just 
water  and  coal-fired  boilers.  Thus,  funding 
for  the  development  of  electric  motors  was 
nonexistent  and  they  were  relegated  to  being 
laboratory  curiosities. 

Further  development  of  electric  motors 
was  delayed  until  the  1870s,  when  a number 
of  experimenters  developed  the  principle  of 
the  self-excited  DC  generator.  At  this  time, 
they  discovered  the  reciprocity  theorem,  in 
which  a motor  could  act  as  a generator  or  vise 
versa.  This  discovery  was  widely  publicized  in 
1873  by  the  French  engineer,  Hippolyte 
Fontaine,  who  recorded  the  results  of  an 


accident  where  a worker  mistakenly  wired  two 
generators  together. 

DC  generators  rapidly  replaced  the  energy 
deficient  batteries  with  a source  of  endless 
electric  power.  Steam  power  was  now 
harnessed  to  drive  these  generators.  The 
transmission  of  electric  power  permitted  these 
plants  to  be  located  farther  away  so  that  noise 
and  pollution  were  hidden. 

Countless  small  DC  motors  were  rapidly 
introduced  to  power  fans,  sewing  machines, 
and  other  light  tasks  for  the  upper  class.  Cities 
had  grown  into  heavily  populated  metropolises 
and  a cleaner  and  cheaper  means  of  trans- 
portation was  desired  to  replace  the  horse- 
drawn  buggy.  In  1897,  thousands  of  visitors  at 
Germany’s  Berlin  Exhibition  were  transported 
by  the  first  practical  electrically-powered 
motor  vehicle,  developed  by  Werner  von 
Siemens. 

Many  companies  began  with  the  production 
of  electrically-powered  cars  from  about  1897 
to  1914.  In  1898,  23-year-old  Ferdinand 
Porsche  landed  his  first  job  in  the  automotive 
field  with  Jacob  Lohner.  He  devised  a system 
to  eliminate  the  conventional  front  wheel 
hubs,  transmission,  gears,  and  chains  by 
installing  electric  motors  integral  to  each  front 
wheel  hub.  In  1900,  this  car  made  its  debut 
at  the  World’s  Fair  in  Paris,  France  and  went 
on  to  set  several  Austrian  land  speed  records. 
Porsche  realized  that  the  weight  and  the 
storage  capacity  of  batteries  were  serious 
limitations,  but  he  also  recognized  the  advan- 
tage of  electric  motors  to  be  quiet,  smooth, 
and  very  reliable.  After  the  exposition,  he 
designed  a car  that  employed  an  internal 
combustion  engine  to  drive  a generator  that, 
in  turn,  supplied  the  electrical  power  to  the 
twin  hub  motors.  This  is  a century  before 
Honda,  Toyota,  and  others  would  introduce 
their  hybrids. 

In  spite  of  the  great  accomplishments, 
further  applications  of  DC  motors  were  limited 
since  DC  power  could  only  be  transmitted  a 
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few  tens  of  miles  from 
the  generators  due  to 
losses  in  the  transmis- 
sion lines.  The  advan- 
tage that  AC  (Alternating 
Current)  power  could  be 
transmitted  over  long 
distances  had  already 
been  recognized,  but  its 
advantage  could  not  be 
utilized  until  the  AC 
motor  was  developed. 

DC  power  design 
had  been  rather  simple 
and  developed  by  trial 
and  error.  AC  power 
development,  however, 
required  a fundamental 
understanding  of  AC  theory.  In  1888,  Galileo  Ferraris  — 
an  Italian  professor  — published  his  observations  that  two 
out-of-phase  light  waves  would  produce  a rotating  beam 
of  light.  From  this  simple  idea,  he  was  led  to  describe  a 
rotating  magnetic  field  produced  by  two  out-of-phase 
magnetic  fields.  In  this  paper,  he  described  how  a single 
AC  current  could  be  split  into  two  out-of-phase  compo- 
nents that  would  produce  a traveling  magnetic  field,  but 
— unfortunately  — he  erroneously  concluded  that  such  a 
motor  was  impractical  and  was  only  another  laboratory 
curiosity. 

A year  earlier,  Nikola  Tesla  (1856-1943)  applied  for 
a patent  on  an  AC  induction  motor  that  employed  a 
traveling  magnetic  field  that  rotated.  Tesla  was  born  in 
Yugoslavia  and  moved  to  the  US  in  1884  to  work  with 
Thomas  Edison.  Unfortunately,  the  two  had  a personality 
conflict  and  Tesla  left  Edison  a year  later  to  begin  an  arc 
lamp  business.  The  conflict  between  these  two  inventors 
continued  with  Edison  pushing  for  DC  systems  and  Tesla 
supporting  AC  systems.  During  the  period  of  1888  to 
1896,  Tesla  obtained  extensive  patent  coverage  over 
most  of  the  features  of  AC  motors,  including  multiphase 
systems. 

By  1893,  both  Westinghouse  and  General  Electric  had 
introduced  AC  induction  motors.  At  this  time,  Tesla 
demonstrated  his  system  of  lighting  at  the  Chicago  World 
Columbian  Exposition  in  the  futuristic  “White  City.”  The 
commercial  success  of  AC  power  was  assured  in  1896  by 
the  construction  of  the  Niagara  Falls  hydroelectric  plant 
that  provided  the  staggering  power  of  1 1 megawatts.  Later, 
several  more  generators  were  added  to  raise  this  level  to 
37  megawatts. 

Eventually,  this  power  would  enable  the  Pittsburgh 
Reduction  Company  (later  to  become  the  Aluminum 
Company  of  America)  to  produce  the  aluminum  that 
would  nurture  the  aircraft  industry.  Thus,  by  the  1900s,  all 
the  major  features  of  both  DC  and  AC  electric  power 
systems  were  firmly  in  place. 
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Figure  3.  A shaded  pole  AC  relay. 


In  some  AC  motor  designs,  two  out-of-phase  magnetic 
fields  can  be  generated  by  the  reactive  impedance  of  a 
capacitor,  as  illustrated  in  Figure  1 . Such  motors  are  called 
capacitive  motors.  One  design  employs  the  extra  phased 
winding  only  for  starting  torque  and  these  motors  are 
called  capacitive  start  motors.  Still  another  version  — the 
shaded  pole  motor  — produces  two  out-of-phase  magnetic 
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Figure  4.  Preparation  of  the  AC  coil. 


fields  by  means  of  the  shading  coil.  An  example  of  this 
type  is  illustrated  in  Figure  2,  where  a shorted  coil  (the 
shaded  pole)  encircles  part  of  the  magnetic  pole.  Since 
the  current  induced  in  the  shorted  turn  is  a function  of  the 
rate  of  change  of  the  main  pole  flux,  it  is  out-of-phase  and 
lags  the  main  field. 

John  Fleming  introduced  the  design  of  the  shaded 
pole  motor  around  1890.  Fleming  would  go  on  to  help 
Guglieimo  Marconi  design  his  equipment  for  the  first 
transatlantic  wireless  message  in  1901  and  he  would 
later  patent  the  first  vacuum  tube  (a  “thermionic 
valve”)  in  1904.  About  this  same  time,  Elihu  Thomson 
patented  the  shaded  pole  design  in  the  US  and,  in 
1892,  his  company  merged  with  the  Edison  General 
Electric  Company  to  become  the  General  Electric 
Company. 

Interestingly,  the  design  of  the  shaded  pole  motor  to 
produce  a rotating  magnetic  field  is  also  employed  in  the 
design  of  AC  relays  and  contactors.  You  can  identify  AC 
relay  coils  from  DC  designs  by  looking  at  the  shaded 
pole,  as  illustrated  in  Figure  3.  The  shaded  pole  design  for 
AC  relays  is  used  to  delay  one  component  of  the  magnetic 
field  to  prevent  the  relay  from  chattering.  Without  the 
shaded  pole,  an  AC  relay  contact  would  chatter  every 
time  the  AC  current  goes  through  zero  and  the  magnetic 
field  would  be  unable  to  hold  the  contacts  closed  against 
the  spring.  The  delayed  field  continues  to  hold  the  relay 
contacts  closed  while  the  main  field  goes  through  zero 
and  visa  versa. 


The  design  of  our  shaded  pole  motor  starts  with 
two  AC  relay  coils.  For  ease  of  construction,  the 
relay  coils  can  be  obtained  from  RadioShack  (part 
number  275-217),  but  other  coils  will  work.  These 
relays  are  Omron  LY-2-AC  110/120  coils  rated  at  1.1 
VA  at  110  to  120  VAC.  Typically,  the  coils  draw 
about  10  mA  when  the  contacts  are  closed.  Some 
relays  operate  at  2-3  VA,  especially  3PDT  and  larger 
relays  that  will  produce  larger  magnetic  fields  for 
larger  gaps  or  that  can  operate  a motor  with  greater 
bearing  friction.  The  plastic  case,  the  hinged  metal  return 
that  supports  the  contacts,  and  the  return  force  spring 
can  be  discarded. 

Carefully  place  the  coil  in  a vise  and  cut  the  rear 
of  the  magnet  return  down  low  with  a fine-toothed 
hacksaw  blade,  as  illustrated  in  Figure  4.  As  you  cut 
through  the  steel  return,  it  is  advisable  to  place  a 1/16” 
thick  plastic  sheet  between  the  steel  and  the  coil  to 
prevent  the  hacksaw  blade  from  breaking  through  and 
damaging  the  coil.  In  our  application,  the  magnetic 
path  is  essentially  through  an  air  gap  that  reduces  the 
magnetic  field  and  the  self-inductance  of  the  coils.  This 
results  in  larger  coil  current.  The  open  circuited  coil  will 
typically  run  about  25  ma  and  will,  thus,  run  thermally 
warmer. 

The  plastic  terminal  block  has  to  be  cut  down, 
similar  to  the  metal  magnet  return,  as  illustrated  in 
Figure  4.  The  solder  contact  just  above  the  relay  coil 
terminals  can  be  removed  by  unsoldering  the  attached 
wires  and  pulling  the  pins  outward.  It  is  convenient  to  cut 
at  this  same  level.  Again,  it  is  helpful  to  put  a piece  of 
plastic  between  the  coil  and  contact  block  to  prevent 
the  saw  blade  from  damaging  the  coil.  Also,  use  extra 
caution  on  this  side  of  the  coil  because  the  fine  coil  leads 
are  also  located  here. 

All  the  metal  parts  — including  the  aluminum  sheet, 
brass  sheet,  tubing,  and  rods  — were  obtained  from  a 
hardware  store.  The  magnetic  return  for  the  two  coils  was 
fabricated  from  a 3”  x 3”  x 3/4”  steel  corner  bracket.  The 
bracket  was  bent  in  the  vise,  as  illustrated  in  Figure 
5.  The  spacing  is  not  too  critical,  but  the  poles  of  the 
coils  should  be  spaced  on  the  order  of  3/16”.  The 
coils  were  epoxied  to  the  steel  return  using  a five 
minute  epoxy,  such  as  Loctite.  It  is  always  a good 
practice  to  roughen  the  surfaces  to  be  epoxied  with 
either  a file  or  sandpaper  to  provide  a rough,  clean 
surface  for  the  adhesive.  This  completes  the  shaded 
pole  coil  assembly. 

The  rotor  for  our  motor  is  fabricated  from  1/16” 
thick  aluminum.  A compass  or  divider  can  be  used 
to  inscribe  the  circle  with  a 2.5”  diameter.  A sharp 
pair  of  tin  snips  can  be  used  to  cut  along  the  mark 
to  produce  the  rotor.  The  main  thing  is  not  to  distort 
the  aluminum.  It  must  be  relatively  flat  to  run 
between  the  gap  of  the  pole  pieces.  Various  size 
rotors  have  been  employed  in  different  designs. 
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Figure  5.  A steel  bracket  for  magnet  return,  pivot,  and  bearing. 
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A Simple  Shaded  Pole  AC  Motor 


Larger  diameter  rotors  tend  to  wobble  more  and  may 
brush  against  the  pole  and  stop  turning.  Rotors  as  thin  as 
0.003”  have  been  made  and  also  work.  Material  of  this 
thickness  can  be  cut  with  an  ordinary  pair  of  scissors. 
Thinner  material  will  not  work  because  the  resistance  of 
the  material  becomes  too  high  and  the  material  also 
becomes  mechanically  unstable.  A 1 /8”  diameter  hole  can 
be  punched  in  the  rotor  at  the  center  of  the  circle.  Either 
use  a hand  punch  or  drill  the  hole  by  sandwiching  the 
aluminum  between  two  heavy  sheets  of  plastic  to  prevent 
the  drill  from  ripping  through. 

The  central  rotor  bearing  was  made  from  a 1 /4”  long 
piece  of  1 /8”  brass  rod,  as  seen  in  Figure  5.  The  rod  was 
drilled  with  a 0.040”  diameter  drill  bit  to  a depth  of  1/8”. 
Most  general-purpose  drill  bits  have  a 118°  point.  The 
central  bearing  was  placed  in  the  central  hole  of  the 
aluminum  rotor  and  a piece  of  Scotch  tape  was  placed 
on  the  underside  to  hold  the  bearing  in  position  and  to 
seal  the  0.040”  hole.  Epoxy  was  applied  with  a toothpick 
to  glue  the  bearing  and  rotor  together.  Since  the  mass  of 
the  aluminum  disc  is  about  1/8”  below  the  support  pivot, 
it  will  be  unconditionally  stable  and  will  not  fall  off 
the  pivot. 

As  an  alternative,  some  models  of  this  motor  have 
been  built  using  the  plastic  top  of  a “three  in  one” 
multi-purpose  oil  can  (3  fl  oz  size)  in  place  of  the  brass 
bearing.  The  closed  end  of  the  red  plastic  spout  was  cut  off 
with  a razor  blade  about  3/16”  from  the  top  and  used  as 
the  bearing.  The  brass  bearing  is,  of  course,  more  rugged 
and  provides  a better  bearing  if  the  hole  is  drilled  true.  A 
small  lathe  is  useful  here,  if  you  have  one. 

The  pivot  point  was  fabricated  from  a 1/32”  brass 
rod,  as  shown  in  Figure  5.  The  point  of  the  rod  was 
ground  by  turning  the  rod  against  fine  emery  paper.  The 
rod  was  held  at  about  a 25°  angle  above  the  paper  to 
produce  the  point.  This  produces  a point  of  about  50°, 
as  compared  to  the  drill  bit  point  of  118°,  to  ensure 
a point  of  contact  and  lower  friction.  In  another  version 
of  the  motor  design,  a steel  needle  was  used  as  the 
pivot  point. 

The  completed  motor  can  be  seen  in  Figure  6.  The 
mounting  base  was  made  from  a piece  of  1/16”  thick 
brass  that  is  4”  square.  A metal  base  is  useful  to  help 
dissipate  the  additional  coil  heat.  At  the  center  of  the 
base,  a 4-40  brass  nut  was  soldered.  To  the  center  of  the 
nut,  a 3/32”  O.D.  brass  tube  was  soldered  and  the  1/32” 
brass  pivot  rod  was  soldered  into  this  tube.  The  tube 
helped  to  stiffen  the  smaller  pivot  rod  and  also  allowed 
less  heat  to  be  applied  to  the  pivot  rod  for  adjustment  of 
the  height  of  the  pivot  to  locate  the  rotor  between  the 
pole  pieces. 

Other  models  have  been  built  with  a wooden  base  that 
employed  the  steel  needle  pivot  mentioned  earlier.  In  such 
a design,  the  needle  can  be  pushed  further  into  the  wood 
to  adjust  the  pivot  height  to  center  the  rotor  between  the 
pole  pieces. 
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Figure  6.  The  completed  AC  motor  construction. 


Once  the  final  position  has  been  determined,  the  pin 
position  can  be  secured  with  a drop  of  epoxy  between  the 
base  and  pin. 

After  the  rotor  has  been  assembled  and  a pivot  rod  is 
available,  you  can  test  the  bearing  and  rotor  run  out.  Softly 
blow  on  the  underside  of  the  disc  to  see  that  it  spins  easily. 
Also  notice  if  the  disc  tends  to  always  stop  with  one  side 
low.  It  is  helpful  to  mark  the  rotor  with  a pen  to  provide  a 
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reference  mark  to  gauge  if  the  rotor  always  droops  to  the 
same  side.  If  one  side  is  heavier  than  the  other,  trim  a little 
off  the  edge  of  the  rotor  that  always  dips  until  a reasonable 
balance  is  achieved. 

The  coil  assembly  is  positioned  on  the  base  plate  so 
that  the  rotor  passes  fully  between  the  pole  pieces.  The 
rotor  height  must  be  adjusted  so  that  the  rotor  will  spin 
freely  through  the  pole  faces  without  touching  them. 
When  you  are  sure  of  the  positioning,  place  some  epoxy 
on  the  base  and  locate  the  coil  assembly  permanently. 
Again,  be  sure  the  surfaces  to  be  glued  are  roughened 
and  clean. 

Once  the  coil  assembly  is  secured  to  the  base,  the 
coils  may  be  wired.  A thin,  18  gauge  appliance  cord  can 
be  used  to  supply  power.  Because  the  top  coil  is  driven  out 
of  phase  with  the  lower  coil,  the  line  is  connected  to  pin  7 
of  the  lower  coil  and  pin  8 of  the  upper  coil.  Similarly,  the 
neutral  is  connected  to  pin  8 of  the  lower  coil  and  pin  7 of 
the  upper  coil. 

Because  the  top  coil  is  turned  over  from  the  position 
of  the  lower  coil,  pin  7 of  the  lower  coil  is  on  the  same  side 
of  pin  8 of  the  upper  coil.  The  electrical  connections 
should  be  insulated  with  silicon  rubber  sealant  placed  over 
all  exposed  connections.  While  the  motor  draws  little 
power,  it  is  connected  to  120  VAC  and  deserves  respect. 


For  safety  — if  a metal  base  is  employed  — the  base  should 
also  be  electrically  grounded  through  a three-pronged 
plug. 

When  the  coils  are  energized,  the  rotor  will  spin  in  the 
direction  of  the  shaded  pole  (the  shaded  pole  lags  the 
main  field).  The  rotor  speed  is  about  20  RPM.  Very  little 
torque  is  developed  by  this  design,  since  the  electrons  can 
slip  within  the  aluminum  rotor.  The  1/16”  aluminum  rotor 
is  heavy  enough  that  a light  wind  should  not  bother  the 
operation.  Thinner,  lighter  rotors  will  require  shielding  from 
air  currents.  An  acrylic  hemisphere  for  displaying  models 
or  the  bottom  third  of  a plastic  2 L soft  drink  bottle  can 
provide  a suitable  cover. 

The  cover  for  this  model  was  fabricated  from  a sheet 
of  0.020”  Lexan  (polycarbonate)  that  I had  available.  The 
3”  diameter  top  circle  and  lower  circular  ring  were  scribed 
with  a compass  and  cut  out  with  a pair  of  scissors.  These 
circular  pieces  are  used  to  form  the  2”  tall  strip  into  a 
circular  tube.  The  seams  were  glued  with  a solvent  cement 
supplied  by  McMaster  Carr  Supply  Company  (www. 
mcmaster.com),  part  number  7528A13.  The  top  has  a 
support  hanging  down  that  is  terminated  about  1/16” 
above  the  top  of  the  brass  bearing  to  prevent  the  rotor 
from  coming  off  the  pivot  pin  if  the  motor  is  jostled  around 
at  your  next  science  fair.  NV 
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SPST  NEON  LIGHTED 
ROCKER  SWITCH 

Conveniently  snap-mounts  in 
0.82"  diameter  hole.  Round  red 
rocker.  Matte  black  bezel  is 
0.91"  diameter.  Switch  rated  13  Amps  @ 
125  Vac.  Solder  / 0.187"  qc  terminals. 
CAT#  LRS-25 


* 


10  for  $1.15  each 


$131 


3-INPUT  AUDIO/  VIDEO 
SWITCHER 


Recoton  / Jensen  #JV500. 

Connect  up  to  three  audio/  video  components, 
VCR,  DVD,  video  game,  etc,  to  your  television 
RCA  inputs.  Rotary  selector  switch  on  front 
panel  of  switch.  Includes  a 6 ft.  3-conductor, 
video  / stereo  audio  cable  with  RCA  plugs. 
New  units  in  original  packaging,  but  the  pack- 
aging may  be  old  or  scuffed.  <fc"750 

^ t each 


CAT#  AVS-500 


"BED-O-NAILS"  TEST  CLIPS 

J.S.  Popper  "Bed-of-nails"  test 
clips  with  insulating  boots 
on  approximately  46" 
long  leads.  Bed-of- 
nails  clips  have 
multiple  spikes 
in  the  middle 
of  the  clip 
enabling  measure- 
ment through  insulated  wire.  The  jaws  at  the 
front  of  the  clip  grab  and  hold  securely  to 
plugs  or  terminals.  The  leads  are  stranded 
copper  litz  wire  with  red  and  black  woven  cloth 
insulation.  Leads  were  cut  from  new  equip- 
ment and  may  require  a crimp  terminal  to  facil- 
itate attachment.  CAT#  ALG-22 

$500 
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12  VDC  92  MM  COOLING  FAN 

Papst  Multifan  #3312. 

3.63"  square  x 1.27" 
ball  bearing  cooling  fan. 
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CAT#  CF-204 
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SOLAR  CELLS  w/ CHARGING 
CIRCUIT  - 3 LED  S 

Here's  a great 
start  for  a solar 
cell  project.  From 
not-yet-assembled 
solar-powered  garden 
lights,  these  assemblies 
include  two  glass  photovoltaic  cells  mounted 
on  a plastic  base.  Output  is  approximately 
2.6  Vdc  @ 25  mA  in  bright  sunlight.  Under 
the  photocells  is  a bracket  for  a two  cell 
rechargeable  AA  pack  & a small  circuit  board 
with  three  red  LEDs.  There  is  a photoresistor 
on  top  of  the  panel  between  the  solar  cells 
to  sense  light  and  dark  conditions.  In  day- 
light the  cells  charge  the  battery.  When  it 
gets  dark,  the  LEDs  light.  These  are  working 
units  but  the  batteries  packs  are  old  and 
may  not  take  a charge.  Our  two  AA  cell  nick- 
el-metal-hydride pack,  CAT#  NMH-2AA 
($2.00  ea.)  is  a good  replacement.  Solar  cell 
surface  area:  3.78"  X 1.98".  CAT#  SPL-05 


$450 

each 


10  for  $4.25  each 
100  for  $4.00  each 


4-28  VDC  PIEZO  BEEPER  WITH 
VOLUME  CONTROL 

Shogyo  #3650VC. 

Solid-state  audio  indicator 
emits  a medium-loud,  high-' 
pitched  tone.  Screwdriver 
adjustable  trimmer  on  back  of 
device  controls  volume.  Operates  on 
4-28  Vdc  @ 6 mA.  Black  plastic  face  is  1 .45" 
diameter  x 0.16"  thick.  1 .25"  diameter  thread- 
ed mounting  bushing  with  large  plastic  nut 
mounts  in  panels  up  to  0.5"  thick.  0.187"  qc  or 
solder  terminals.  CAT#  SBZ-365 

5 

each 


$Q9! 

ea 


10  for  $3.50  each 
100  for  $2.75  each 


FAN-COOLED  6-12  VDC  MOTOR 

Smooth,  powerful  DC  motor 
with  internal  cooling  fan. 

Operates  on  3-12  Vdc. 

11,500  RPM  @ 6Vdc, 

1 .35  Amps.  1 .45"  dia.  x 
2.25"  long.  0.125"  diameter 
flatted  shaft  is  0.7"  long.  Two  threaded  mount- 
ing holes  on  face  of  motor  on  1"  mounting  cen- 
ters. Solder  lug  terminals.  CAT#  DCM-231 


each 


10  for  $3.50  each 
75  for  $3.00  each 


24  CHARACTER  X 2 LINE  LCD 
w/ EL  BACKLIGHT,  USED 

24  character  x 2 line 
LCD  with  electro- 
luminescent 
backlight. 

0.64"  x 
3.7" 
viewing 
area. 

Module  size,  1 .53"  x 4.7".  Includes  a detach- 
able 7"  ribbon  cable  with  14  contact  socket 
connector  and  5"  leads  on  the  el  terminals. 
Removed,  in  good  condition,  from  used  equip- 
ment. CAT#  LCD-107 


10  for  $3.50  each 


each 
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by  Peter  Best 


The  Ever-Shrinking 
|iC  — Part  2 

Six  Pins  and  One  MIP  — IfYou  Can  See  It! 


If,  after  reading  Part  1 last  month,  you’ve  been  wonder- 
ing why  there  are  two  PIC10F206s  on  the  Little  Bits 
Development  Board,  here’s  part  of  that  answer:  The 
inverter  pair  we  just  implemented  can  be  tested  by  simply 
moving  jumpers  carrying  the  desired  logic  levels  between 
the  inverter  inputs  and  watching  the  inverter  outputs  on 
the  LEDs.  Instead  of  swapping  around  jumpers,  the 
second  PIC10F206  can  be  used  as  stimulus  for  the  first 
PIC10F206.  I wrote  a small  piece  of  code  called 
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TOGGLER  that  does  nothing  but  count  from  0 to  7 
continually.  Using  jumpers,  I feed  the  output  of  the 
PIC10F206  running  TOGGLER  to  the  input  of  the  inverter 
pins  of  the  PIC10F206  running  the  inverter  code.  As 
the  count  progresses,  all  of  the  possible  inverter  input 
combinations  are  provided  to  the  inputs  of  the  inverter 
pair  we  realized  with  the  other  PIC10F206.  The  C source 
for  TOGGLER  is  shown  in  Listing  3. 

I think  you  have  the  idea  now.  So,  I’ve  included  some 
C code  for  a two-input  AND  gate  in  Listing 
3,  as  well.  There’s  always  more  than  one 
way  to  skin  a cat  when  coding.  I’ve  also 
included  an  optimized  version  of  the  two- 
input  AND  gate  code  in  Listing  3 for  your 
approval.  From  the  example  code  I’ve 
presented,  you  should  now  be  able  to 
create  many  other  logic  gates,  including  a 
three-input  AND  gate,  an  EXCLUSIVE 
OR/NOR  gate,  and  an  OR/NOR  gate. 

For  instance,  to  fabricate  a NAND 
gate,  all  you  have  to  do  is  invert  the 
output  levels  within  the  case  statements 
of  the  AND  gate  code.  An  OR  gate  can  be 
fabricated  from  the  AND  gate  code  by 
simply  changing  the  output  within  the 
case  statements  to  1 for  any  case  state- 
ment that  contains  a 1 as  its  argument. 
To  get  the  NOR  function,  invert  the  output 
of  the  OR  gate  within  the  OR  gate  case 
statements. 

You  can  also  emulate  clocked  logic 
with  the  PIC10F206  as  well,  provided  that 
the  clocked  logic  module  you’re  emulat- 
ing doesn’t  have  more  than  three  output 
pins.  A clocked  logic  block  that  immedi- 
ately comes  to  mind  is  the  D flip-flop. 
When  clocked,  the  Q output  of  a D 
flip-flop  will  follow  the  logic  level  of  the  D 
input  with  the  NOT-Q  output  comple- 
menting the  logic  level  of  the  D input. 

Compile  the  D flip-flop  code  in  Listing 
3 and  jumper  the  D and  NOT-Q  GPIO 
pins  together.  This  will  divide  the  incom- 
ing clock  by  2 and  produce  the  divided 
clock  on  the  Q output  pin.  Feed  the  CLK 

JANUARY  2005 


Listing  3.  Remember,  the  PICI0F206  has  a I mS  instruction  cycle  time. 
So,  although  the  logic  will  work  as  designed,  the  logic  blocks  we  emulate 
with  the  PICI0F206  won’t  be  as  fast  as  the  real  thing. 


//********************************************************************* 
//*  HI-TECH  C SOURCE  CODE  FOR  TOGGLER  MODULE 
//********************************************************************* 
void  main() 

{ 

unsigned  int  x,y; 

TRIS  = ObOOOOlOOO; 

F0SC4  = 0; 

CMCON  = ObllllOlll; 

OPTION  = ObllOOllll; 
while (1) 

{ 

++GPIO ; 

for (x=0 ;X<0xFFFF; ++x) 

++y; 

} //while (1) 

}//main  TOGGLER 

//********************************************************************* 
//*  HI-TECH  C SOURCE  CODE  FOR  2-INPUT  AND  GATE  MODULE 

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 

void  main() 

{ 

TRIS  = OblllllOll ; / / GP2  =output : all  other  GPIO= input 

FOSC4  = 0;  / /GP2  is  an  I/O  pin 

CMCON  = ObllllOlll;  //comparator  off:pullups  off:wakeup  off 
OPTION  = ObllOOllll;  //prescaler  assigned  to  WDT 

while (1) 

{ 

switch  (GPIO  & ObOOOOOOll) 

{ 


case  ObOOOOOOOO: 

/ /GPO 

= LOW:GPl=LOW 

GP2  = 0; 

//GP2 

= LOW 

break; 

case  ObOOOOOOOl: 

//GPO 

= HIGH : GP1=L0W 

GP2  = 0; 

/ /GP2 

= LOW 

(continued) 


//GP3  input  : all  others  output 
/ /GP2  is  an  I/O  pin 

/ / comparator  of f : pul lups  of f : wakeup  off 
//prescaler  assigned  to  WDT 


//increment  output  pin  set  GPO,  GP1,  GP2 
//delay  by  incrementing  y 65534  times 
//increment  y 
//loop  forever 
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input  of  your  PIC10F206  D FLIP-FLOP  divide- 
by-2  emulator  from  one  of  the  three 
PIC10F206  TOGGLER  outputs.  You’ll  see  the 
division  of  whatever  TOGGLER  output  clock 
you  feed  to  the  CLK  input  on  the  Q output  of 
the  D flip-flop  emulated  by  the  second 
PIC10F206.  Figure  1 (see  Part  1 in  last 
month’s  issue)  physically  depicts  all  of  the 
logic  we’ve  emulated  or  talked  about  so  far. 
The  view  from  way  up  here  is  tremendous, 
isn’t  it? 

Pulse  Generation  and 
Signal  Conditioning  With 
Little  Bits 

The  555  is  a wonderful  device.  However, 
it  has  its  shortcomings,  as  it  programs  in  an 
analog  fashion  rather  than  a digital  one.  For 
instance,  it  takes  a few  choice  components 
and  some  steering  diodes  to  get  a true  %50 
duty  cycle  pulse  train  directly  from  the  output 
of  a 555.  With  the  small  bit  of  C in  Listing  4 
and  a single  PIC10F206,  I’ve  created  a 60  Hz 
pulse  train  with  a 50%  duty  cycle. 

The  beginning  of  the  code  is  very  similar 
to  our  logic  examples,  except  that  the 
OPTION  argument  value  has  now  assigned 
the  prescaler  to  TMRO  (Timer  0)  by  clearing 
bit  3 of  the  OPTION  register.  Bits  0,  1,  and  2 
set  the  prescaler  value  to  1:64,  which 
instructs  TMRO  to  increment  once  every  64 
instruction  cycles. 

The  meat  of  the  60  Hz  code  is  centered 
on  the  TMRO  instructions.  First,  the  TMRO 
register  is  loaded  with  0x80.  After  a couple  of 
synchronization  cycles,  TMRO  begins  to 
count  upwards  from  0x80.  Visualizing  this  in 
binary,  the  first  count  will  be  0b  10000001. 
The  second  count  will  be  0b  100000 10  and  so 
forth  until  the  count  reaches  0b  11111111 
and  then  rolls  over  to  ObOOOOOOOO. 

When  the  count  rolls  over  to 
ObOOOOOOOO,  the  most  significant  bit  is  no 
longer  set  and  the  while(TMR0  & 0x80); 
becomes  false,  allowing  the  code  to  fall 
through  to  the  next  statement,  which  is  GP2  = 
0;.  At  this  point,  the  code  shifts  the  logic  level 
of  GP2  to  low  and  spins  in  the  TMRO  loop, 
just  as  it  did  when  GP2  was  high.  You  can 
alter  the  frequency  of  the  TMRO-generated 
pulse  train  by  toying  with  the  three  least 
significant  bits  of  the  OPTION  register.  You 
can  also  change  the  frequency  by  altering  the 
value  loaded  to  TMRO  and  then  checking  for 
that  value  in  the  following  while  statement. 
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(Listing  3,  continued) 


case  ObOOOOOOlO: 

//GP0 

= LOW : GP1=HIGH 

GP2  = 0; 

/ /GP2 

= LOW 

break; 

case  ObOOOOOOll: 

//GP0 

= HIGH : GP1=HIGH 

GP2  = 1; 

/ /GP2 

= HIGH 

break; 

} / / switch 

} //while (1) 

}//main 

II********************************************************************* 
//*  HI-TECH  C SOURCE  CODE  FOR  2 -INPUT  AND  GATE  MODULE  OPTIMIZED 
I/********************************************************************* 
void  main() 

{ 

TRIS  = OblllllOll;  //GP2=output : all  other  GPIO= input 

FOSC4  = 0;  / /GP2  is  an  I/O  pin 

CMCON  = ObllllOlll ; //comparator  off:pullups  off:wakeup  off 
OPTION  = ObllOOllll ; //prescaler  assigned  to  WDT 

while (1) 

{ 

switch  (GPIO  & ObOOOOOOll) 

{ 

case  ObOOOOOOll:  //GP2=HIGH  only  if  both  GP0  and  GP1  are  HIGH 

GP2  = 1; 
break; 
default : 

GP2  = 0; 
break; 

} / / switch 
} //while (1) 

}//main 

1/********************************************************************* 
//*  HI-TECH  C SOURCE  CODE  FOR  D FLIP-FLOP  MODULE 

II ********************************************************************* 
void  main() 

{ 

TRIS  = ObllllllOO ; / /GPO=Q:GP1=NOT-Q:GP2=CLK:GP3=D 

FOSC4  = 0; 

CMCON  = ObllllOlll; 

OPTION  = ObllOOllll; 

//power-up  clear  operation 

while (GP2) ; //wait  for  CLK  to  go  LOW 

GP0  = 0;  //set  Q 

GP1  = 1;  //clr  Q 

while (1) 

{ 

while (!GP2) ; 

switch  (GPIO  & ObOOOOlOOO) 

{ 

case  ObOOOOOOOO: 

GP0  = 0; 

GP1  = 1; 
break; 

case  ObOOOOlOOO: 

GP0  = 1; 

GP1  = 0; 
break; 

} / / switch 
while (GP2) ; 

}//while (1) 

}//main 
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//wait  for  CLK  to  go  HIGH 


//D  = 0 
//clr  Q 
//set  NOT-Q 

//D  = 1 
//set  Q 
//clr  NOT-Q 


//wait  for  clock  to  go  LOW 
//loop  forever 
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Listing  4.  I’m  sure  there  are  some  really  weird  analog  things  that  you  can  do 
with  a 555,  but  the  PICI0F206  can  hold  its  own  against  the  555  when  it  comes 
to  handling  and  generating  pulses. 

//********************************************************************* 
//*  HI-TECH  C SOURCE  CODE  FOR  PULSE  GENERATOR  MODULE 

j Ikkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 
void  main() 

{ 

TRIS  = ObOOOOlOOO; 
FOSC4  = 0; 

CMCON  = ObllllOlll ; 
OPTION  = ObllOOOlOl ; 

//GP3  input  : all  others  output 
/ /GP2  is  an  I/O  pin 

/ / comparator  of f : pul lups  of f : wakeup  off 
//prescaler  assigned  to  TMRO  @ 1:64 

while (1) 

{ 

GP2  = 1; 

TMRO  = 0x80; 
while (TMRO  & 0x80) 

//loop  forever 

//GP2  = HIGH 
//load  TMRO 

//count  from  OblOOOOOOO  to  ObOOOOOOOO 

GP2  = 0; 

TMRO  = 0x80; 
while (TMRO  & 0x80) 
}//while (1) 

}//main 

//GP2  = LOW 
//load  TMRO 

//count  from  0x80  to  0x00 

jj kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 

//*  HI-TECH  C SOURCE  CODE  FOR  LED  DIMMER  MODULE 

llkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 

void  main() 

{ 

unsigned  char  x,y,z; 

TRIS  = ObOOOOlOOO; 
FOSC4  = 0; 

CMCON  = ObllllOlll; 
OPTION  = ObllOOOOlO ; 

//GP3  input  : all  others  output 
//GP2  is  an  I/O  pin 

/ / comparator  of f : pul lups  of f : wakeup  off 
//prescaler  assigned  to  TMRO  @ 1:8 

y = 0x04; 
z = 0x80; 

//initialize  y 
//initialize  z 

while (1) 

{ 

do 

{ 

x=0xFF; 

//loop  forever 

//outer  do  loop 

do 

{ 

GP2  = 1; 

TMRO  = y; 
while (TMRO  & y) ; 

//inner  do  loop 

//GP2  = HIGH 
//load  TMRO 
//count  for  y time 

GP2  = 0; 

TMRO  = z; 
while (TMRO  & z)  ; 
} while (--x) ; 

//GP2  = LOW 
//load  TMRO 
//count  for  z time 

//do  inner  loop  until  x is  decremented  to  0 

y *=  2; 
z /=  2; 

} while  (y)  ; 

//multiply  y x 2 

//divide  z by  2 

//do  outer  loop  until  y = 0 

y = 0x04; 
z = 0x80; 

} //while (1) 
}//main 

//reinitialize  y 
//reinitialize  z 

(continued) 
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It  stands  to  reason  that,  if  we  can 
control  the  frequency  of  a pulse  train 
generated  by  TMRO,  we  can  also  control  the 
duty  cycle  of  that  pulse  train.  A %50  duty 
cycle  means  that  every  cycle  has  equal 
high  and  low  logic  levels  with  respect  to 
time.  If  we  apply  that  voltage  to  an  LED,  it 
will  be  on  for  half  the  time  and  off  for  half 
the  time.  If  the  frequency  is  high  enough, 
the  LED  may  appear  to  be  dimmer  than  it 
would  seem  to  be  when  full  voltage  is 
applied  to  it.  If  we  switch  between  on  and 
off  fast  enough,  our  eyes  and  mind  will  fool 
us  into  thinking  that  the  LED  is  really  never 
turning  off.  We  can  use  this  phenomenon 
to  our  advantage  with  the  second  code 
listing  you  see  in  Listing  4. 

Let’s  work  our  way  through  the  LED 
dimmer  code  inside  out,  beginning  with  the 
inner  do  loop.  The  GF2  = 1 code  is  exactly 
the  same  as  our  60  Hz  pulse  train  generator 
except  that  the  0x80  hard-coded  value  is 
replaced  with  a variable  of  y.  The  y variable 
is  initialized  to  a value  of  0x04  in  the  begin- 
ning of  the  code  sequence.  Recall  that  the 
TMRO  register  increments  every  instruction 
cycle.  So,  the  y count  begins  at 
ObOOOOOlOO  and  ends  at  ObOOOOlOOO 
when  the  TMRO  register  rolls  over  to 
ObOOOOlOOO  from  ObOOOOOlll. 

Looking  at  the  GP2  = 0 code,  it  is  exactly 
the  same  as  our  previous  60  Hz  code 
for  GP2  in  a low  logic  state  with  the  only 
exception  being  the  variable  z holding  the 
0x80  value,  which  was  loaded  right  after  the  y 
value.  What  all  of  this  means  is  that,  initially, 
the  high  part  of  the  cycle  is  much  smaller 
than  the  low  part  of  the  cycle  with  respect  to 
time,  which,  in  turn,  says  that  the  LED  will 
initially  be  off  longer  than  it  is  on  and  will 
appear  to  be  very  dim.  Each  duty  cycle 
period  is  alive  as  long  as  x is  not  equal  to 
zero.  The  while (— x)  decrements  x with  each 
pass  through  the  inner  do  loop.  The  outer  do 
loop  initializes  x,  doubles  y,  and  halves  z at 
the  completion  of  each  pulse  train  cycle. 

Since  y is  the  variable  that  determines 
the  high  level  time  of  each  cycle  and  z is  the 
variable  that  determines  the  low  level  time 
of  each  cycle  and  the  values  are  approach- 
ing each  other  from  the  opposite  directions, 
when  y is  equal  to  0b  10000000,  z will  be 
equal  to  ObOOOOOOlO.  At  this  point,  the 
LED  will  be  at  its  brightest,  since  the  high 
part  of  the  cycle  (y)  will  be  much  longer 
than  the  low  part  of  the  cycle  (z).  The 
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(Listing  4,  continued) 

//********************************************************************* 
//*  HI-TECH  C SOURCE  CODE  FOR  VOLTAGE  BOOSTER  MODULE 

j /********************************************************************* 

void  main() 
{ 

TRIS  = ObOOOOlOOO  ; 
F0SC4  = 0; 

CMCON  = ObllllOlll; 
OPTION  = ObllOOOOOO ; 

//GP3  input  : all  others  output 
//GP2  is  an  I/O  pin 

//comparator  off:pullups  off:wakeup  off 
//prescaler  assigned  to  TMRO  @ 1:2 

while (1) 
; 

//loop  forever 

i 

GP2  = 1; 

TMRO  = 0x04; 
while (TMRO  & 0x04); 

//GP2  = HIGH 
//load  TMRO 

//count  from  ObOOOOOlOO  to  ObOOOOlOOO 

GP2  = 0;  //GP2  = LOW 

TMRO  = 0x80;  //load  TMRO 

while (TMRO  & 0x80);  //count  from  0x80  to  0x00 

} //while (1) 

}//main 

j J -k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k 
//*  HI-TECH  C SOURCE  CODE  FOR  ONE-SHOT  MODULE 
//********************************************************************* 

void  main() 
/ 

i 

unsigned  int  x,y; 
TRIS  = ObOOOOlOOO; 
F0SC4  = 0; 

CMCON  = ObllllOlll; 
OPTION  = ObllOOOlll  ; 

//GP3  input  : all  others  output 
/ /GP2  is  an  I/O  pin 

//comparator  off:pullups  off:wakeup  off 
//prescaler  assigned  to  TMRO  @ 1:256 

GP2  = 0x00; 
while (1) 

; 

//clear  GP2 
//loop  forever 

i 

while (!GP3);  //wait  for  GP3  to  go  HIGH 

TMRO  = 0x80;  //debounce  the  switch  closure 

while (TMRO  & 0x80);  //loop  for  35mS  using  TMRO  with  prescaler  @ 1:256 

GP2  = 1;  //set  GP2 

for (x=0;x<0xFFFF;++x)  //delay  for  one-shot  time 

++y; 

GP2  = 0; 
while (GP3) ; 

TMRO  = 0x80; 
while (TMRO  & 0x80); 

} 

} 

//clear  GP2 

//wait  for  button  release :GP3  to  go  LOW 
//debounce  button  release 
//loop  for  35mS 

visual  effect  you  will  see  is  the  LED  going 
from  dim  to  bright  continually. 

Delays  and  pulse  trains  can  also  be 
created  with  the  PIC10F206  by  utilizing 
code  similar  to  that  which  is  used  in 
TOGGLER  (Listing  3).  Delays  that  last 
for  seconds  can  easily  be  achieved  by 
looping  on  a for  construct  like  the  one 
used  in  the  TOGGLER  code  (available  at 
www.nutsvolts.com) . 

Take  a look  at  the  voltage  booster 
circuit  in  Schematic  1 (see  Part  1 in  last 
month’s  issue).  The  2N2222A  alternately 
builds  and  collapses  the  field  formed  by 
the  inductor.  The  steering  diode  routes 
the  inductor’s  energy  into  the  100  pF 
capacitor.  The  build-up  and  collapse  of 
the  magnetic  field  is  caused  by  switching 
the  transistor  on  and  off  rapidly  with  a 
pulse  train  provided  by  a PIC10F206.  The 
code  (part  of  Listing  4)  is  identical  to  the 
60  Hz  pulse  train  code,  except  that  the 
TMRO  prescaler  is  set  for  1:2  and  the  duty 
cycle  of  the  pulse  train  is  heavily  biased 
to  the  logic  low  level.  This  may,  at  first, 
seem  backward.  However,  the  energy 
from  the  inductor  is  transferred  to  the 
capacitor  when  the  transistor  is  turned 
off.  When  the  transistor  is  on,  the  induc- 
tor is  allowed  to  ramp  up  a charge. 

By  rapidly  switching  the  inductor  on 
and  off,  we  are  able  to  feed  the  inductor’s 
energy  through  the  diode  and  charge  the 
output  capacitor  to  a voltage  that  is  high- 
er than  the  input  voltage  at  the  inductor. 

The  little  circuit  you  see  in  Schematic  1, 
in  combination  with  the  voltage  booster 
code  in  Listing  4,  generates  about  +10 
VDC  across  the  output  capacitor.  You  can 
obtain  a much  higher  voltage  by  tweaking 
the  pulse  train’s  duty  cycle. 

In  addition  to  generating  pulses,  the 
PIC10F206  can  also  be  programmed  to  condition  pulses. 
Let’s  use  some  TMRO  code  we’ve  already  written  and 
create  a one-shot  timer  with  a built-in  switch  debouncer. 
We’ll  only  need  a push-button  switch  and  a resistor,  as 
shown  by  the  one-shot  section  of  Schematic  1 . 

The  C code  is  straightforward.  GF3  is  the  input  from 
the  switch/resistor  combination.  When  the  switch  is  open, 
GP3  is  held  low  by  the  20K  resistor.  The  while(!GP3)  loops 
waiting  for  GP3  to  go  high.  When  the  switch  is  closed,  GP3 
goes  high  and  the  TMRO  debounce  code  is  executed;  35 
mS  later,  GP2  goes  high  and  the  one-shot  delay  loop  runs. 
When  the  one-shot  delay  loop  falls  through,  GP2  is  cleared 
to  a logic  low  level  and  — if  the  switch  is  still  depressed  — 
the  while(GP3)  statement  loops  until  the  push-button  is 
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released.  The  switch  is  again  debounced  when  released 
and  the  one-shot-switch-debounce  process  repeats  from 
the  beginning  statement  (while(!GP3)). 

Now  you  can  see  that  handling  pulse  trains  and  delays 
with  the  PIC10F206  is  easy  to  do.  So  far,  we  have  enabled 
a crude  PWM  (Pulse  Width  Modulation)  function  with  our 
LED  dimmer  code  and  the  one-shot  code  conjures  up  lots 
of  other  possibilities.  The  same  one-shot  code  could  be 
used  to  enable  a pulse  stretcher  or  pulse  shrinker.  A 
missing  pulse  detector  is  yet  another  coding  possibility. 
The  bottom  line  is  that  precious  microcontroller  CPU 
cycles  can  be  offloaded  to  the  PIC10F206  as  it  can 
perform  mundane  tasks,  such  as  debouncing  switches  and 
conditioning  incoming  signals. 
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Figure  6.  The  Digital  Filter  Development  Board  is  teamed  up 
with  a Little  Bits  to  complete  the  realization  of  a 
PICI0F206  bit-bang  serial  port. 


oooooooooooooooo 

oooooooooooooooo 

oooooooooooooooo 

oooooooooooooooo 


Communicating  With  Little  Bits 

There  are  no  (JSARTs  (Universal  Synchronous 
Asynchronous  Receiver  Transmitters)  or  UARTs  (Universal 
Asynchronous  Receiver  Transmitters)  contained  within  the 
PIC10F206  silicon.  So,  there’s  no  native  PIC10F206  serial 


communications  functionality.  Just  because  the  special- 
ized UART  hardware  doesn’t  exist  doesn’t  mean  we  can’t 
implement  a software  PIC10F206  UART  of  our  own. 

In  fact,  we  can  do  just  that  and  — thanks  to  the  HI-TECH 
PICC  C compiler  — we  won’t  have  to  write  any  of  the  serial 
communications  drivers  from  scratch.  All  of  the  bit-bang  seri- 
al driver  code  that  comes  with  HI-TECH  PICC  C compiler  is 
shown  in  Listing  5.  You  can  study  the  code  in  detail  if  you 
wish.  However,  the  only  things  you  have  to  know  about  the 
serial  driver  are  the  serial  functions  that  you  will  use  when 
applying  the  driver  code.  To  send  a character,  use  the  putch 
function.  To  receive  a character,  use  the  getch  function.  A 
optional  function  called  getch  echoes  the  incoming  character. 

This  is  where  the  20-pin  female  connector  I added  to  my 
Little  Bits  comes  into  play.  As  you  can  see  in  Figure  6,  I’ve 
called  upon  a Digital  Filter  Development  Board  to  aid  the 
Little  Bits  in  getting  its  serial  port  operational.  I’ve  wired  the 
Digital  Filter  Development  Board’s  SP233ECT  RS-232  IC 
into  one  of  the  PIC10F206  microcontrollers  on  Little  Bits  via 
a 20-pin  male  header  on  the  Digital  Filter  Development 
Board.  Only  four  connections  are  necessary,  with  power  and 
ground  being  givens.  Look  again  at  the  beginning  of  the 
code  in  Listing  5.  You’ll  see  that  I’ve  designated  GP2  as  the 
transmit  pin  and  GP3  as  the  receive  pin  and  specified  a baud 
rate  of  9600  bps.  I’ve  detailed  the  PIC10F206-to-Digital  Filter 
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Interface  a sharp  LCD  display  to  your  BASIC  Stamp®  or  other 
micro-controller  project  with  ease.  No-solder  wiring  harnesses 
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• 3.2  x 1.4  in.  supertwist  LCD  $45 

• 2400/9600  baud  serial  BPI'2161 

• Low  (~2mA)  current  draw 

• Great  with  BASIC  Stamps® 


• 3.2  x 2 in.  backlit  LCD  $49 

• 1200-9600  baud  serial  ILM’2161 

• Advanced  protocol,  4 switch  inputs 

• EEPROM  for  configuration  settings 

• Favorite  for  OEM  applications 


• 3.2  x 1.4  in.  graphics  LCD  qfiX_  1?n, 

• 2400/9600  baud  serial 

• Font  and  15  screens  in  EEPROM 

• Easily  draw  points,  lines,  screens 


14 

£j 


£ 


• 3 x 2 in.  supertwist  LCD  $119 

• 1200-9600  baud  serial  ™'425L 

• ESD-protected,  4x4  keypad  input 

• Store  up  to  95  screens  in  EEPROM 


Scott  Edwards  Electronics,  Inc. 

1 939  S.  Frontage  Rd.  #F,  Sierra  Vista,  AZ  85635  More  displays  available, 
phone  520-459-4802  • fex  520-459-0623  including  bright  VFDs. 

www.seetron.com  • sales@seetron.com 

See  www, seetron, com 


. _ Circle  #117  on  the  Reader  Service  Card. 

46 


New  1 Watt  9XTend 
Stand-Alone  RF  Modem 

The  best  price-to-performance 
value  on  the  market 


aK 


Features 

MaxStream’s 

9XTend 

Low  Cost 
Competitor 

High  Cost 
Competitor 

Price 

^ < $300 

^ < $300 

O > $1,200  M 

Max.  Range 

line-of-sight 

O Up  to  40  Mi. 

O Up  to  20  Mi. 

^ Up  to  60  Mi.  ■ 

Data  Throughput 

^115  kbps 

O 57  kbps 

^115  kbps  ■ 

Encryption 

^256-Bit  AES 

O 56-Bit  DES 

O None  ■ 

Max.  Sensitivity 

^-110  dBm 

O -99  dBm 

^-110  dBm  1 

Interference 

Immunity 


Call  for  aggressive 
volume  discounts  & 
development  specials. 


Q NO 


RS-232/485 


MaxStream 

www.maxstream.net 
toll-free  866-765-9885 


Circle  #123  on  the  Reader  Service  Card. 


JANUARY  2005 


Development  Board 
hardware  connections 
in  the  RS-232  box  of 
Schematic  1. 

Now  we’re  ready  to 
send  some  characters.  I 
set  up  a Tera  Term  Fro 
session  on  my  personal 
computer  and  tuned  it 
in  for  9600  bps.  I then 
wrote  the  C code  you 
see  at  the  bottom  of 
Listing  5.  The  code 
sends  the  string  NGTS 
& VOLTS  continually. 

The  string  I defined  at 
the  beginning  of  my 
code  is  actually  stored  in  the  FIC10F206’s  program  Flash 
area  and  is  automatically  terminated  with  a null  or  zero 
character  by  the  HI-TECH  PICC  C compiler. 

I’ve  pulled  the  psect  that  details  how  the  characters  in 
the  string  are  stored  and  placed  it  under  my  code  so  you 
can  see  how  the  HI-TECH  PICC  C compiler  handles  strings 
in  the  Flash  memory  area.  Putting  the  string  in  the  program 
Flash  memory  area  is  a good  thing,  as  the  PIC10F206  does- 
n’t have  enough  SRAM  to  hold  the  string  and  do  other 
SRAM  related  things  at  the  same  time.  Pretty  clever,  huh? 

The  null  character  that  signifies  the  end  of  the  string 
comes  in  handy,  as  I can  simply  test  for  it  as  I send  characters 


Sources 


HI-TECH  Software 
HI-TECH  PICC  C compiler 
www.htsoft.com 

Microchip 
MPLAB  ICE  2000 
PIC  I0F206 
MPLAB  IDE 

www.microchip.com 

EDTP  Electronics,  Inc. 

Little  Bits 

Digital  Filter  Development  Board 

www.edtp.com 


Listing  5.  This  code  takes  up  almost  half  of  the  PICI0F206’s 
program  Flash. That  still  leaves  enough  room  to  make  effective 
use  of  the  serial  port  this  code  creates. 


Serial  port  driver  (uses  bit -banging) 
for  16Cxx  series  parts. 


//  1 
//  ’ 

//  ’ 

//  1 

//  * IMPORTANT:  Compile  this  file  with  FULL  opti- 
mization 
//  * 

//  * Copyright  (C) 1996  HI-TECH  Software. 

//  * Freely  distributable. 

//  * Adapted  for  use  with  the  PIC10F20X  by  Peter 
Best 

#include  <pic . h> 

CONFIG (MCLRDIS  & WDTDIS  & UNPROTECT); 

//Tunable  parameters 
//Transmit  and  Receive  port  bits 
#define  SERIAL_PORT  GPIO 

#define  SERIAL_TRIS  TRIS 

#define  TX_PIN  2 //GP2 

#define  RX_PIN  3 //GP3 

//Xtal  frequency 
#define  XTAL  4000000 

//Baud  rate 

define  BRATE  9600  (continued) 


Learn  at  home  in  your 
spare  time. 


You  can  earn  more  money 
if  you  get  an  FCC  License! 

Not  satisfied  with  your  present  income? 
Add  prestige  and  earning  power  to  your 
electronics  career  by  getting  your  FCC 
Government  License. 

The  Original  Home-Study  course  pre- 
pares you  for  the  "FCC  Commercial 
Radiotelephone  License"  at  home  in  your 
spare  time. 

This  valuable  license  is  your  professional 
"ticket"  to  thousands  of  exciting  jobs  in: 
Communications,  Radio-TV,  Microwave, 
Maritime,  Radar,  Avionics  & more.. .you 
can  even  start  your  own  business! 

No  need  to  quit  your  job  or  go  to  school. 
This  proven  "self-study"  course  is  easy, 
fast  and  low  cost! 


GUARANTEED  TO  PASS  - You  get  your 
FCC  License  or  your  money  will  be  refunded. 


Call  for  FREE  facts  now! 

(800)  932-4268 

www.LkenseTraining.com 


COMMAND  PRODUCTIONS 

FCC  LICENSE  TRAINING  - Dept.  220 
P.0.  Box  3000  • Sausalito,  CA  94966 
Please  rush  FREE  details  immediately! 

Name 


0r  mail 
<oupon 
today 


Address  _ 
City 


State. 


Zip- 
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(Listing  5,  continued) 


//Don't  change  anything  else 
#define  SCALER 
#define  ITT  ME 
#if  BRATE  > 1200 
#def ineDLY  3 

#def  ine  TX_0HEAD  13 

#else 

#def ineDLY  9 

#def ine  TX_0HEAD 
#endif 

#define  RX  OHEAD  12 


#def ine  DELAY (ohead) 

static  bit  TxData 

static  bit  RxData 

#define  INIT_P0RT 
tion 


10000000 
4 * SCALER/ XTAL 


//  Instruction  cycle  time 


//  cycles  per  null  loop 
//  overhead  cycles  per  loop 

//  cycles  per  null  loop 
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//  receiver  overhead  per  loop 
( ( (SCALER/BRATE)  - (ohead*ITIME)  ) / (DLY*ITIME)  ] 


@ (unsigned)  &SERIAL_PORT*8+TX_PIN; 
@ (unsigned)  &SERIAL_PORT*8+RX_PIN; 

SERIAL  TRIS  = 1«RX  PIN 


//  Map  TxData  to  pin 
//  Map  RxData  to  pin 
//  set  up  I/O  direc- 


void  putch(char  c) 

{ 

unsigned  char  bitno; 
#if  BRATE  > 1200 
unsigned  char  dly; 
#else 

unsigned  int  dly; 
#endif 


//  start  bit 


INIT_PORT; 

TxData  = 0; 
bitno  = 12; 
do 
{ 

dly  = DELAY  (TX_OHEAD)  ; //  wait  one  bit  time 
do  //  waiting  in  delay  loop 

while  (--dly)  ; 
if(c  & 1) 

TxData  = 1 ; 
if  ( ! (c  Sc  1) ) 

TxData  = 0; 
c = (c  >>  1)  | 0x80; 

} while (--bitno) ; 

NOP ( ) ; 


} 


char  getch(void) 

{ 

unsigned  char  c,  bitno; 
#if  BRATE  > 1200 
unsigned  char  dly; 

#else 

unsigned  int  dly; 
#endif 

for ( ; ; ) 


while  (RxData) 
continue; 
dly  = DELAY (3) /2; 
do 

while (--dly) ; 
if  (RxData) 
continue; 
bitno  = 8; 
c = 0; 


//  wait  for  start  bit 
//  waiting  in  delay  loop 

//  twas  just  noise 


(continued) 
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out  of  the  PIC10F206  serial 
port.  Once  I encounter  a 
null,  I know  that  I have  sent 
the  entire  string  and  I send  a 
carriage  return  and  line  feed 
combination.  A simple  delay 
loop  is  executed  and  the  bit- 
bang  serial  process  sends 
another  NUTS  & VOLTS 
message. 

Good  Things  in 
Small  Packages 

Okay,  let’s  begin  our 
descent  and  land  this  thing. 
As  you  have  seen,  lots  of 
useful  things  can  be  done 
with  a tiny  PIC10F206,  its 
four  I/O  lines,  and  a good  C 
compiler  like  the  HI-TECH 
PICC  C compiler.  The  air 
is  really  clear  at  23,000 
feet.  You  have  seen  for 
yourself  that  using  a C 
compiler  with  a tiny  PIC 
like  the  PIC10F206  is  not 
necessarily  a bad  thing. 

Whether  you  code  in 
assembler  or  C,  the 
PIC10F20X  series  of  micro- 
controllers is  a blast  to  work 
with.  I’m  sure  you’ll  want  to 
try  your  hand  at  some  tiny 
applications,  as  well.  So,  I’ll 
make  all  of  the  Little  Bits 
code  in  the  listings  available 
for  download  from  the  Nuts 
& Volts  FTP  server  (www. 
nutsvolts.com). 

For  those  of  you  who 
want  to  melt  some  solder 
around  a PIC10F206, 
either  the  Wahl  Iso  Tip 
portable  soldering  iron 
with  a 7566-100  micro  tip 
or  a Metcal  Soldering 
Station  with  a SSC-645A 
soldering  element  is  per- 
fect for  the  task.  If  you 
don’t  want  to  roll  your  own 
Little  Bits,  you  can  get  a kit 
of  parts  or  an  assembled 
Little  Bits  unit  from  EDTP 
Electronics  (www.edtp. 
com).  NV 
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(Listing  5,  continued) 

do 

{ 

dly  = DELAY  (RX_OHEAD)  ; 

do  //  waiting  in  delay  loop 

while (--dly) ; 

c = (c  >>  1)  | (RxData  <<  7)  ; 

} while  (--bitno)  ; 
return  c; 

} 

} 

char  getche (void) 

{ 

char  c; 

putch(c  = getchO); 
return  c; 

} 

//********************************************************************* 

//*  HI-TECH  C SOURCE  CODE  FOR  RS-232  MODULE 
//********************************************************************* 

const  char  * string  = "NUTS  & VOLTS"; 

void  main() 

{ 

unsigned  char  x; 
unsigned  int  y, z ; 

F0SC4  = 0; 

CMCON  = ObllllOlll  ; 

OPTION  = ObllOOllll ; 

while (1)  //loop  forever 

{ 

x = 0;  //initialize  character  index 

do 

{ 

putch (string [x++] ) ; //send  character  indexed  by  x:  increment  x 

} while (string [x] !=  0);  //look  for  null  character  at  end  of  string 
putch (OxOD) ; //send  carriage  return 

putch (OxOA)  ; //send  line  feed 

for  (y=0;y<0xFFFF;++y)  //delay  for  a while 

++Z ; 

} 

} 

//********************************************************************* 

//*  HOW  THE  STRING  IS  STORED  IN  FLASH 
//********************************************************************* 
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by  Mark  Dobrosielski 


Calculating  Current 

Limiting  Resistor  Values  for  LED  Circuits 


An  LED  is  one  of  those  product  components  that 
just  has  to  work.  If  I look  at  my  computer  from 
across  the  room  and  don't  see  its  LED  winking 
back  at  me,  I assume  it's  turned  off;  I never  expect  that 
the  LED  might  have  burned  out.  There's  good  reason  for 
that:  When  operated  within  specs,  an  LED  has  a lifetime 
of  100,000  hours  or  more. 

The  key  to  maximizing  LED  life  is  limiting  the  current 
that  runs  through  it.  This  is  frequently  done  with  a 
simple  resistor  whose  value  is  calculated  using  Ohm's 
Law.  This  article  reviews  how  to  apply  Ohm's  Law  to 
single  and  clustered  LED  circuits.  I have  also  provided 
an  Excel  spreadsheet  to  simplify  — and  speed  up  — the 
process. 


Single  LEDs 


When  computing  the  value  of  a current  limiting  resis- 
tor for  a single  LED,  the  basic  form  of  Ohm's  Law  — V = 
IR  — becomes: 


R 


Vbatt  ~ Vied 

lied 


where: 

Vbatt  is  the  voltage  across  the  resistor  and  the  LED. 
Vied  is  the  forward  voltage  of  the  LED. 
lied  is  the  forward  current  of  the  LED. 


resistor,  and  (Iied)2R  is  the  power  dissipated  by  the 
resistor.  Calculating  the  power  dissipation  is  a step  that 
many  people  — hobbyists  and  professionals  alike  — tend 
to  skip.  So,  what  do  you  call  a 1/8  W resistor  that  needs 
to  dissipate  1 /2  W?  Charcoal. 

LEDs  in  Series 

The  equation  above  gets  only  slightly  more  compli- 
cated when  you  connect  multiple  LEDs  in  series.  The  volt- 
age drop  across  the  LEDs  increases,  reducing  the  voltage 
drop  across  the  resistor.  The  current  through  the  resistor 
(and  the  LEDs)  remains  the  same: 


R ■ 


Vbatt  ~ rtVled 

lied 


where  n is  the  number  of  LEDs  in  series.  Figure  1(b) 
shows  an  example  with  three  LEDs  connected  in  series. 
The  voltage  drop  across  the  LEDs  is  three  times  the 
voltage  drop  of  a single  LED. 

LEDs  in  Parallel 

If  you  connect  multiple  LEDs  in  parallel,  the  current 
through  the  resistor  increases  (though  the  current 
through  each  LED  remains  the  same).  The  voltage  drop 
across  the  LEDs  is  unaffected,  as  is  the  voltage  drop 
across  the  resistor: 


£ 

I08 

I 

P 


Figure  1 (a)  shows  an  example  of  a single  LED  circuit.  Vbatt  - Vied 

Incidentally,  Vbatt  - Vied  is  the  voltage  drop  across  the  R = 

Figure  I.  Simple  LED  circuits,  (a)  Single  LED  circuit,  (b)  LEDs  in  series,  (c)  LEDs  in  parallel. 
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mhed 

where  m is  the  number 
of  LEDs  in  parallel. 
Figure  1(c)  shows  an 
example  with  three 
LEDs  connected  in  par- 
allel. The  current 
through  the  circuit  is 
three  times  the  current 
of  a single  LED. 

LED  Arrays 

If  you  connect  multi- 
ple LEDs  in  an  array, 
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you  just  need  to  combine  the  serial  and  parallel  forms  of 
the  equations: 

Vbatt  ~ TlVled 
ml  led 


It's  important  that  there  are  n LEDs  (connected  in 
series)  in  each  of  the  m parallel  branches  of  the  circuit  and 
that  the  LEDs  all  have  the  same  Vied  and  lied.  Otherwise,  all 
bets  are  off.  Figure  2(a)  shows  four  LEDs  connected  in 
such  a way  that  the  previous  equation  does  not  apply. 
Figure  2(b)  shows  one  of  several  "proper"  ways  to  connect 
four  LEDs. 

Brightness  Control 

Brightness  control  is  useful  for  gadgets  that  might 
be  used  under  different  ambient  lighting  conditions 
(outside/inside,  night/day,  etc.).  This  feature  requires 
two  resistors  — one  fixed  (Rf)  and  one  variable  (Rv). 
Rf  limits  the  current  when  Rv  is  at  its  minimum  setting  — 
usually  0 Q — which  allows  maximum  current  to 
flow  through  the  LED.  The  value  of  Rf  is  calculated 
when  Rv  = 0: 


Rf  = 


Vbatt  ~ llVled 
mlled(max) 


rt>H  * 

-t>h  ,4*- 
4^ 


4>i— OH 


Figure  2.  LED  arrays. 


"ideal"  resistor  values. 

• Select  appropriate  "real"  resistor  values.  If  the  calcula- 
tions specify  a 132.27  Q resistor,  the  nearest  "real"  resistor 
values  are  130  Q and  150  Q (5%  tolerance).  Of  course, 
you  could  select  other  values  based  on  what  you  have 
on  hand. 

• Plug  the  values  of  the  resistors  you  selected  back 
into  the  calculations  to  see  if  they  will  satisfy  the  desired 
operating  characteristics. 

• Run  through  the  calculations  using  the  selected  resistor 
values  at  the  extremes  of  tolerance.  A 150  Q resistor  with 
5%  tolerance  can  range  from  142.5  Q to  157.5  Q and  will 
seldom  be  precisely  150  Q.  Also,  calculate  the  current 
draw  of  the  circuit  and  the  necessary  power  dissipation  of 
the  resistors. 


where  Iled(max)  is  the  maximum  current  you  want 
through  the  LED. 

Increasing  the  Rv  setting  adds  resistance  to  the  circuit, 
decreasing  the  current  through  the  LED.  When  Rv  is  at  its 
maximum  setting,  the  minimum  amount  of  current  flows 
through  the  LED.  The  value  of  Rv  is  given  by: 


Some  folks  don't  go  through  any  of  these  steps  and 
just  guess  at  a value.  Most  go  through  the  first  two  steps, 
which  is  usually  fine  — as  long  as  you  don't  operate  too 
close  to  the  LED’s  limits,  where  tolerances  can  push 
you  over  the  edge.  By  following  all  four  steps,  you  can 
guarantee  that  your  LEDs,  at  least,  are  operating  safely 
and  should  last  a good  long  time. 


Rv 


Vbatt  ~ nVled 
mlled(min) 


-Rf 


where  Iied(min)  is  the  minimum  current  you  want  through 
the  LED. 


Multiple  Iterations  Are  a Drag 

Calculating  the  proper  resistors  for  LED  circuits  is 
pretty  simple.  It  takes  just  a few  moments,  even  when 
going  through  all  four  design  steps.  That's  no  big  deal,  if 


Design  Steps 

There  are  four  steps  to 
selecting  the  proper 
current  limiting  resistor 
value(s): 

• Using  the  desired 
operating  characteris- 
tics and  LED  specs, 
solve  the  appropriate 
equations  for  the 
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Figure  4.  Ways  to  connect  six  LEDs. 
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LED  Resistor  Calculator 

Mark  V.  Dobrosielski 

mdobrosielski@ieee.org 

Circuit  characteristics 

Parameter 

Value 

vbatt 

5.0 

V 

Battery  voltage 

V|ed 

1.9 

V 

LED  forward  voltage 

Ld(max) 

2.0 

mA 

Max  desired  LED  current 

Ld(min) 

2.0 

mA 

Min  desired  LED  current 

# leds/branch 

1 

# LEDs  in  series 

# branches 

1 

# LEDs  in  parallel 

Calculated  (ideal)  1 & R values  and  suggested  (real)  resistor  values 

Parameter 

Value 

Rf(ideal) 

1550.0 

ohm 

Calculated  fixed  resistor  value 

i^v(ideal) 

0.0 

ohm 

Calculated  variable  resistor  value 

Lax(ideal) 

2.0 

mA 

Max  current  using  calculated  resistor  values 

Lin(ideal) 

2.0 

mA 

Min  current  using  calculated  resistor  values 

Rf(real) 

1600 

ohm 

Corresponding  "real"  fixed  resistor  value 

Rv(real) 

0 

ohm 

Corresponding  "real"  variable  resistor  value 

Calculated  circuit  performance  using  selected  resistors 

Parameter 

Value 

Tolerance 

1600 

ohm 

5.0  % 

Selected  fixed  resistor  value  & tolerance 

Rv 

0 

ohm 

10.0  % 

Selected  variable  resistor  value  & tolerance 

Lax 

2.0 

mA 

Max  current  using  selected  resistors  with  worst-case  tolerance 

Lin 

1.8 

mA 

Min  current  using  selected  resistors  with  worst-case  tolerance 

ibatt 

2.0 

mA 

Peak  current  battery  needs  to  supply 

Pf 

0.01 

W 

Power  dissipated  by  fixed  resistor  at  peak  current 

Pv 

0.00 

W 

Power  dissipated  by  variable  resistor  at  peak  current 

Figure  5.  View  of  the  spreadsheet. 

you  only  have  to  do  it  once,  but  what  if  you  want  to  see  the 
effect  of  different  resistors  in  the  circuit?  What  if  you  have 
an  array  of  LEDs  and  you  want  to  determine  the  best  way 
to  hook  them  up?  (Figure  4 illustrates  four  ways  to  connect 


six  LEDs.)  The  calculations  are  still 
simple;  you  just  have  to  do  them  a 
bunch  more  times.  That  gets  tedious 
and  that's  exactly  when  people  tend  to 
make  mistakes. 

To  beat  the  tedium  and  the  mistakes 
that  go  with  it,  I've  put  together  an 
Excel  spreadsheet  that  performs  all 
the  necessary  calculations  — including 
looking  up  "real"  resistor  values.  It's  a 
real  time  saver! 

Using  the 
Spreadsheet 

The  spreadsheet  (available  on  the 
Nuts  & Volts  website  at  www.nuts 
volts.com)  is  broken  down  into  three 
sections.  The  first  section,  Circuit 
Characteristics,  is  where  you  enter 
your  circuit  parameters.  The  second 
section,  Calculated  I & R Values  and 
Suggested  Resistors,  calculates  the 
needed  resistor  values  and  suggests 
"real"  resistors  to  use  in  the  circuit. 
The  last  section,  Calculated 
Performance  Using  Selected  Resistors, 
lets  you  plug  in  resistor  values  (the 
suggested  values  or  values  of  your 
own  choosing)  and  calculates  LED 
currents,  power  supply  currents,  and 
resistor  power  dissipation.  It  also  takes  into  account 
resistor  tolerance.  Note:  Values  in  blue  boldface  are 
the  only  ones  you  should  change.  Plain  black  text 
shouldn't  be  changed.  NV 


Order  online  at: 
www : melabs.  com 


Development  Tools  for  PICmicro  MCUs 

miaoGLnrpneering  £iabs,  Q&nc. 


Phone:(719)520-5323 
Fax:  (719)  520-1867 
Box  60039 

Colorado  Springs,  CO  80960 


LAB-X  Experimenter  Boards 

Pre-Assembled  Board 
Available  for  8,  14,  18,  28, 
and  40-pin  PIC  MCUs 
2-line,  20-char  LCD  Module 
9-pin  Serial  Port 
Sample  Programs 
Full  Schematic  Diagram 

Pricing  from  $69.95  to  $349.95 

PICProto  Prototyping  Boards 

Double-Sided  with  Plate-Thru  Holes 
Circuitry  for  Power  Supply  and  Clock 
Large  Prototype  Area 
Boards  Available  for  most  PIC  MCUs 
Documentation  and  Schematic 

Pricing  from  $8.95  to  $19.95 


BASIC  Compilers  for  PIC  MCUs 

Easy-To-Use  BASIC  Commands 
Windows  9x/Me/2KJXP  Interface 

PicBasic  Compiler  $99.95 

BASIC  Stamp  1 Compatible 
Supports  most  14-bit  Core  PICs 
Built-In  Serial  Comm  Commands 

PicBasic  Pro  Compiler  $249.95 

Supports  all  PICmicro  MCUs 
Direct  Access  to  Internal  Registers 
Supports  In-Line  Assembly  Language 
Interrupts  in  PicBasic  and  Assembly 
Built-In  USB,  I2C,  RS-232  and  More 
Source  Level  Debugging 


See  our  full  range  of  products,  including 
Books,  Accessories,  and  Components  at: 

www. melabs.  com 
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Create,  Read  and  Write 
to  FAT1 6/32  files 
I ► Easy  to  use,  simple  protocol 

► Directories  supported 

► Long  filenames  supported 

► Up  to  4 files  open,  using  file 
handles 


uMMC 


SD/MMC 

Serial 

Data 

Module 


J 1-866-99  ROGUE  | 
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sales@roguerobotics.com 

www.roguerobotics.com 
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Zagros  Robotics 

PO  Box  460342,  St.  Louis,  MO  63 1 46 
(314)  768- 1 328  info@zagrosrobotics.com 

www.zagrosrobotics.com 


Wireless  A/V  Transmitter/Receiver 


140/kit 


ASK-2008TR,  2.4,  1.7,  1.2  GHz, 

8 Channel  Wireless  Systems 

Transmit  range  up  to  800' 
12  Channel  Available 
Built-in  channel  switcher 
for  auto  scan 

1000  mW  booster  optional  II 


| ASB-2000  2.4  GHz  Power  Amplifier 

- Amplifies  2.4  GHz  radio 
signal  up  to  1 W output 

- 10-40  mW  power  input 

- Size:  2"  x 2"  x 3/4"  appr. 

- Power  Supply  included 


$ 129/e  a 


Mateo,  Inc.  www.matco.com 
Sales:(800)-71 9-9605  Fax:(847)-303-0660 


ISMT  PROTOTYPING  ADAPTERS! 


I Snap-Apart™  PCB's  with  .100"  pin  strips. 

1 Dozens  of  assorted  adapters  on  each  PCB. 

A variety  of  PCB's  with  patterns  front  & back. 


SOIC  PLCC  SSOP  QFP  DPAK  S0T23  MSOP  QSOP  SC90  D2PAK 
TSSOP  SOT89  D3PAK  SOT143  TSOP  SC70  SOT88  and  many  more. 

Ibellin  Dynamic  Systems  Inc 

1(714)630-8024  www.beldynsys.com  | 

- Rapid  Development  Solutions  for  the  Technical  Professional  - 


Nan-LaddEr  Logic  PLC’s 

B$l032ex 


www.bsici.LJS 
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The  Pocket  Programmer  Only  $149.95  | 

The  portable  programmer  that  uses  the 
printer  port  instead  of  a internal  card, 
with  easy  to  use  Windows  software  that 
programs  E(E)prom,  Flash  & Dallas  Ram. 

>,  Inc.  • Tel.  (913)  422-2094 
Box  12723  / 612  Newton  / Edwardsville,  KS  66111 
Add  $8.00  COD 

| WWW.IN-KS.COM  Visa/MC/Amex/Disc  I 


Skctnonics  Showcase 


*> ww. 


Battery  rebuilding  service 


Dead  Batteries  ? Don't  toss  them. 
Send  them  to  us  - our  rebuilds  are 
better  than  original  specifications. 

Radios 


<■  Ser 

fl  mEUHI  Electronics 
WaSM  Barcode 
Scanners 
Surveying 
Printers 
Laptops 
Photography 

| Visit  www.primecell.com  for  important  details  I 

24  Hr  Secure  recorder  tel-fax  (814)  623  7000  | 
I Quotes  email:  info@primecell.com 

I Cunard  Assoc.  Inc.  9343  US  RT  220  Bedford  PA  15522  I 


Tools 

Hilti  Skil 
Milwaukee 
Panasonic 
B&D  DeWalt 
Makita  All 
2-36  Volts 


APELCO 
UNIDEN 
G.E.  ICOM 
KENWOOD 
MOTOROLA 
MIDLAND 
MAXON 
, YAESU 

h ALINCO 


PRINTED  CIRCUIT  BOARDS 


I QUALITY  PRODUCT 
I FAST  DELIVERY 


1 0 pcs  (3  days) 

I or  2 layers  $249 


We  will  beat  any 
competitor  s prices!!! 

yogii@flash.net  « 


Fax  847.233.0013 
Modem  847.233.0014 

flash.net/~yogii 


Acti  ve  Wi  re®  USB 
Simple  USB  Interface! 


$59 


• Works  with  MacOS  8/9,  Win98/2K/ME/XP 

FreeBSD  and  Linux! 

• 24Mhz  CPU  core  with  USB 

• Firmware  downloadable  via  USB 

• 16  bit  parallel  Input/Output 

• See  web-site  for  add-on  boards  plus  Shipping  I 

• All  drivers,  manuals,  demos  are  on  our  1 

web-site  for  immediate  download! 

ActiveWire,  Inc. 

www.activewireinc.com 

ph  +1 .650.465.4000  fax  +1 .209.391 .5060  | 
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Andre  LaMothe's 


THE 


PCS500’ 


QQM®M 

i $389.95! 


Price  is  in  US  dollars. 


□ 9 volt  adaptor 

□ 2 test  leads 

□ PC  parallel  cable 

□ sampling  frequency: 

□ real-time:  1.25KHz  to  50MHz 

□ repetitive:  1 GHz 

□ spectrum  analyzer 

□ transient  recorder 


GREAT  PRICES,  GREAT  SHIPPIMG  RATES 
49  McMichael  St.,  Kingston,  ON,  K7M  1M8 
CANADA 


XGameStaticjn 

Learn  Step-By-Step  Haw  to  Build 
and  Design  Ydur  Own  Vided  Same  Console! 


Design  inspired  by  the 
Atari  2600,  Apple 
Commodore  64! 


I INCLUDES: 

• Great  for  Hobbyists  AND  Students! 

• The  Fun  Way  to  Learn  Embedded  Systems! 

• Fully  Assembled  XGS  Micro  Edition  Unit! 

• Complete  Software  Development  Kit! 

•Tools,  Demos  & Utilities!  Powered  by  the  Ubicom 

I • eBook  on  Designing  the  XGS  Console!  SX52  @ 80  MIPS  and 
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Huge  eBook  Included!  I 


Complete  Kit 
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Mold  manufacturing. 

Production  of  injection 
molded  parts.  No  order 
too  small  or  too  big.  Very 
competitive  on  high  labor 
parts.  For  very  small  orders  we  can  inject  your 
parts  on  manual  low  pressure  machines. 


We  manufacture 
our  own  tooling 
Site:  www.vandvmachy.com 
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Selected  Titles  for  the  Electronics  Hobbyist  and  Technician— 

The  Nuts  & Volts  Hobbyist  Bookstore 


Don't  miss  the  special  on  all  books  by  Nyke  Predko  ••• 


Handbook  of  Microcontrollers 

by  Myke  Predko 

A straight-talking 
guide  to  all  the  most 
common  eight-bit 
microcontrollers  now 
in  use, TAB  Electronics 
Microcontroller 
Handbook , edited  by 
Myke  Predko,  tells  you 
everything  you  need 
to  know  about  the 
Intel  805 1 , Motorola 
68HC05,  Microchip 
PIC,Atmel  AVR,  and  Parallax  Stamp  MCUs. 
Complete  with  applications  and  recom- 
mendations — from  automotive  parts  and 
personal  computers  to  household 
appliances  and  toys  — this  authoritative 
tool  shows  how  each  MCU  works  and 
interfaces  with  peripheral  devices,  explains 
features,  architecture,  and  the  instruction 
set  for  the  built-in  processor,  and  serves  up 
example  applications  plus  all  the  data 
necessary  to  develop  them.  $79.9$ 


Programming  & Customizing  the 
805  I Microcontrollers 

by  Myke  Predko 

For  work  or  fun  — 
projects,  exercises, 
and  insights  on  the 
world's  most  popular 
microcontroller.  Over 
30  experiments  and 
1 3 complete  projects 
demonstrate  the 
805 1 ’s  capabilities.The 
CD-ROM  gives  you  all 
the  software  you  need 
to  begin  developing 
8051  applications.This  tutorial/disk  package 
is  unique  in  providing  you  with  a complete 
understanding  of  the  8051  chip  compati- 
bles, along  with  all  the  information  needed 
to  design  and  debug  tailor-made  applica- 
tions. Programming  & Customizing  the  805 1 
Microcontroller  details  the  features  of  the 
805 1 and  demonstrates  how  to  use  these 
embedded  chips  to  access  and  control 
many  different  devices.  $44.95 


Robot  DNA  Series: 
Programming  Robot  Controllers 

by  Myke  Predko 

In  this  innovative 
addition  to  the  Robot 
DNA  Series,  author 
Myke  Predko  tells  you 
everything  you  need  for 
your  robot  to  perform 
up  to  specification  and 
expectation  — and  for 
you  to  fully  understand 
how  robot  controllers 
are  programmed  using 
the  versatile  Microchip 
PICmicro  PICI6F627. 

All  you  need  to  get  started  are  inexpensive 
off-the-shelf  parts  and  the  “C”  program- 
ming language  compiler,  included  on  the 
CD-ROM.  $24.95 


PC  Interfacing  Pocket  Reference 

by  Myke  Predko 

PC  interfacing  answers 
— in  60  seconds  or  less! 

The  ultimate  at-a-glance 
data  finder  for  PC 
hardware  and  software 
engineers,  PC  Interfacing 
Pocket  Reference  packs 
everything  skilled  devel- 
opers need  — tradition- 
al ASCII  tables,  memory 
and  register  addresses, 
and  instruction  sets,  plus 
BIOS,  MS-DOS,  DPMI, 
and  Windows  APIs.  You  also  get  reference 
information  for  the  leading  PC  program- 
ming languages  — PC  assembly,  BASIC,  C, 
and  C++  — as  well  as  time-saving  code 
snippets  to  use  for  developing  your  own 
applications. What’s  more,  you’ll  find: 
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Pocket  Reference 
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PICMicro  Microcontroller  Pocket 
Reference 

by  Myke  Predko 

Device,  code,  and  cir- 
cuit data  on  one  of  the 
most  popular  micro- 
controllers around  — 
it’s  in  your  pocket  with 
this  guide. You’ll  never 
again  get  stuck  in  the 
World  Wide  Wait  or 
shuffle  through  coffee- 
stained  printouts,  look- 
ing for  the  facts  you 
need.  Short  on  verbiage 
and  long  on  facts,  this  is 
the  ideal  data  tool  for  the  experienced 
applications  designer.  $29.95 


PICMicro 

MICROCONTROLLER 

Packet  Reference 


• Key  charts,  protocols,  and  data  tables 


> Get  all  the  facts  and  reference  data 


MYKE  I' II I! II h II 


• Sample  Windows  device  drivers  (.VxDs, 
.WDMs,  and  .DLLs) 

• Hardware  addresses  and  device  block  dia- 
grams with  connector  pinouts 

• ISA,  PCI,  and  USB  bus  information,  along 
with  Plug  and  Play  and  Interrupt  and 
DMA  interfacing 

• Conforms  to  Intel/Microsoft  “PC/9x” 
baseline  specification  — so  you  know 
information  is  current  $59.95 


WE  ACCEPT  VISA,  MC,  AMEX, 
and  DISCOVER 

Prices  do  not  include  shipping  and 
may  be  subject  to  change. 

Ask  about  our  10%  subscriber 
discount  on  selected  titles. 


SUMO  BOT  — Build  Your  Own 
Remote-Controlled 
Programmable  Sumo-Bot 

by  Myke  Predko 

Here's  a fun  and 
affordable  way  for 
hobbyists  to  take 
their  robot  building 
skills  to  the  next 
level  and  be  part  of 
the  hottest  new 
craze  in  amateur 
robotics  — Sumo 
competition. 

Great  for  ages  I4+,  the  kit  comes 
complete  with: 

• Pre-assembled  PCB 

• Multi-function,  dual  channel  remote  control 

• Robot  hardware,  including  collision-sensing 
infrared  LED  and  receivers 

• CD-ROM  with  programming  instructions 
and  file  chapters  of  robot  building  tips 
and  tricks 

• A built-in  Parallax  BASIC  Stamp  2 and  pro- 
totyping area  allowing  hobbyists  to  create 
their  own  robot  application  without  having 
to  purchase  additional  Parallax  products 

Powered  by  four  AA  batteries  (not  includ- 
ed) and  featuring  a built-in  infrared  remote 
control,  the  Sumo-Bot  is  pre-programmed 
with  the  behavior  "built-in"  to  jumpstart 
custom  applications.  $99.95 


Programming  & Customizing 
PICMicro  Microcontrollers 

by  Myke  Predko 

This  book  is  a fully 
updated  and  revised 
compendium  of 
PIC  programming 
information. 

Comprehensive 
coverage  of  the 
PICMicros'  hard- 
ware architecture 
and  software 
schemes  will  com- 
plement the  host  of 
experiments  and 
projects  making  this  a true  "learn  as  you 
go"  tutorial.  New  sections  on  basic  elec- 
tronics and  basic  programming  have  been 
added  for  less  sophisticated  users,  along 
with  1 0 new  projects  and  20  new  experi- 
ments. New  pedagogical  features  have  also 
been  added,  such  as  "Programmers  Tips" 
and  "Hardware  Fast  FAQs."  The  CD-ROM 
contains  all  source  code  presented  in  the 
book,  software  tools  designed  by  Microchip 
and  third  party  vendors  for  applications, 
and  the  complete  data  sheets  for  the  PIC 
family  in  PDF  format.  $49.95 
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Call  1-800-783-4624  today!  Or 

order  online  at  www.nutsvolts.com 


...  Get  I ©%  off  your  purchase  now  through  Feb*  28,  2005! 


Digital  Electronics  Demystified 

by  Myke  Predko 

Now,  anyone  can 
gain  a deeper  under- 
standing of  digital 
electronics  — 
without  formal  train- 
ing, unlimited  time,  or 
a genius  IQ.  In  Digital 
Electronics  Demystified , 
electronics  expert 
and  author  Myke 
Predko  provides  a 
totally  painless  way  to 
learn  enough  digital  logic  and  electronics  to 
build  your  own  projects!  With  Digital 
Electronics  Demystified,  you  master  the 
subject  one  simple  step  at  a time  — at 
your  own  speed. This  unique  guide  offers 
problems  at  the  end  of  each  chapter  and 
section  to  pin-point  weaknesses  and  a 100- 
question  final  exam  to  reinforce  the  entire 
book.  So,  if  you're  looking  for  an  enjoyable 
route  into  digital  logic  and  electronics,  let 
Digital  Electronics  Demystified  be  your  short- 
cut! $19.95 


digital 

electronics 


1 23  Robotics  Experiments  for 
the  Evil  Genius 

by  Myke  Predko 

This  book  provides 
1 23  steps  needed  to 
bring  out  the  genius 
in  every  basement 
hobbyist!  If  you  enjoy 
tinkering  in  your 
workshop  and  have  a 
fascination  for  robot- 
ics, you’ll  have  hours 
of  fun  working 
through  the  1 23 
experiments  found  in 
this  innovative  proj- 
ect book.  More  then  just  an  enjoyable  way 
to  spend  time,  these  exciting  experiments 
will  also  provide  a solid  grounding  in 
robotics,  electronics,  and  programming. 

Each  experiment  builds  on  the  skills 
acquired  in  those  before  it,  so  you  develop 
a hands-on,  nuts-and-bolts  understanding  of 
robotics  — from  the  ground  up.  Don’t  miss 
out  on  these  imaginative  experiments  that 
teach  the  basics!  $24*95 


ROBOTICS 

EXPERimENTS  i 

-i  EVIL 
GENIUS 


»®  j 


miCROCONTROLlER 

EXPERimENTS 

-"EVIL 

GENIUS 


123  PIC  Microcontroller 
Experiments  for  the  Evil  Genius 

by  Myke  Predko 

Microchip  continually 
updates  its  product 
line  with  more  capa- 
ble and  lower  cost 
products. They  also 
provide  excellent 
development  tools. 

Few  books  take 
advantage  of  all  the 
work  done  by 
Microchip.  123  PIC 
Microcontroller 
Experiments  for  the  Evil  Genius  uses  the  best 
parts  and  does  not  become  dependent  on 
one  tool  type  or  version  to  accommodate 
the  widest  audience  possible.  Building  on 
the  success  of  123  Robotics  Experiments  for 
the  Evil  Genius,  as  well  as  the  unbelievable 
sales  history  of  Programming  and 
Customizing  the  PIC  Microcontroller,  this  book 
will  combine  the  format  of  the  evil  genius 
title  with  the  following  of  the  microcon- 
troller audience  for  a sure-fire  hit.  $24*95 


Check  out  these  other  hot  titles  from  the  Nuts  & Volts  Bookstore! 


Engineer’s  Mini  Notebook 
Collection 

by  Forrest  M.  Mims  III 


Volume  I features 
more  than  two 
dozen  555  timer 
circuits  that  you 
can  build. 
$10.95 


Volume  2 — Study 
rain,  lightning, 
clouds,  sunlight, 
water,  temperature, 
and  much  more! 
$10.95 


Volume  3 — Learn 
about  important 
sensors  and  use 
them  to  build  cir- 
cuits and  projects. 
$10.95 

JANUARY  2005 


Volume  4 includes 
frequently  used 
electronic  formulas, 
tables,  circuit 
symbols,  and  more! 
$10.95 


Robotics  Demystified 

by  Edwin  Wise 

There's  no  easier,  faster, 
or  more  practical  way 
to  learn  the  really  tough 
subjects.  McGraw-Hill's 
Demystified  titles  are  the 
most  efficient,  interest- 
ingly written  brush-ups 
you  can  find.  Organized 
as  self-teaching  guides, 
they  come  complete 
with  key  points,  back- 
ground information,  questions  at  the  end  of 
each  chapter,  and  even  final  exams.This 
complete  self-teaching  guide  takes  an  intro- 
ductory approach  to  robotics,  guiding  read- 
ers through  the  essential  electronics, 
mechanics,  and  programming  skills  neces- 
sary to  build  their  own  robot.  $ 1 9.95 

Programming  PIC 
Microcontrollers  with  PICBASIC 

by  Chuck  Hellebuyck 

This  comprehensive 
tutorial  assumes  no  prior 
experience  with 
PICBASIC.  It  opens  with 
an  introduction  to  such 
basic  concepts  as 
variables,  statements, 
operators,  and  structures, 
followed  by  a discussion 
of  the  two  most  commonly 
used  PICBASIC  compilers. 


CNC  Robotics 

by  GeoffWilliams 

Written  by  an 
accomplished  workshop 
bot  designer/builder, 

CNC  Robotics  gives  you 
step-by-step,  illustrated 
directions  for  designing, 
constructing,  and  testing 
a fully  functional  CNC 
robot  that  saves  you 
80%  of  the  price  of  an 
off-the-shelf  bot  — and  can  be  customized 
to  suit  your  purposes  exactly  because  you 
designed  it.  $34.95 

Electronics  Demystified 

by  Stan  Gibilisco 

Best  selling  Demystified 
author  and  electronics 
expert  Stan  Gibilisco 
has  penned  the  perfect 
introductory  book  for 
consumers,  hobbyists,  and 
students  alike.  Coverage 
includes  topics,  such  as 
current  and  power  sup- 
plies, wireless,  digital  prin- 
ciples, measurement  and  monitoring,  trans- 
ducers and  sensors, and  more.  $19.95 


If  you  don’t  see  what  you  need  here, 
check  out  our  online  store  at 
www.nutsvolts.com  for  a complete 
listing  of  the  titles  available. 
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CLASSIFIEDS 


CLASSIFIED  ADVERTISING 

$50.00  Per  Inch  — No  extra  charge  for  color  (Limited  time  offer). 

Classified  ads  must  be  paid  in  full  prior  to  the  closing  date. 
Visa/MC/Amex  accepted.  Payment  for  ads  received  after  the  closing 
date  will  cause  the  ad  to  be  placed  in  the  following  issue,  at  our 
discretion.  Minimum  charge  is  one  inch  with  half-inch  increments. 


No  proofs  will  be  sent.  Ads  to  be  typeset  by  Nuts  & Volts  must  be 
received  by  the  closing  date.  Supplied  ads  must  be  received  by  the 
artwork  due  date. 

Call  the  office  at  951-371-8497  or  Email  classads@nutsvolts.com 
for  closing  dates,  available  sizes,  and  special  prepay  discount  offers. 


Components 

RF  PARTS'  CO. 

From  Milliwatts  to  Kilowatts sm 

Tubes,  Transistors,  Power  Components. 

Email:  rfp@rfparts.com  • Web:  www.rfparts.com 

800-737-2787  Fax  888-744-1 943 


Miscellaneous  Electronics  For  Sale 


MAKE  SUPER  STRONG  3D  PARTS  FAST 


SHAPELOCK  PLASTIC™ 

RAPIDLY  CREATE  PROTOTYPES,  PARTS,  SCULPTURES,  BRACKETS,  HOUSINGS,  MOLDS 
AMAZING  PLASTIC  MELTS  IN  HOT  WATER,  LOCKS  RIGIDLY  AT  ROOM  TEMPERATURE 
INCREDIBLY  TOUGH,  LIGHTWEIGHT,  MACHINEABLE,  PAINTABLE,  INEXPENSIVE 
SHAPE  BY  HAND  AND  RESHAPE  REPEATEDLY  WWW  SHAPELOCK  COM 


Floating  Point  Coprocessor 


| uM-FPUl 
VI. ol 


l l I I 


8-pin  DIP  or  SMT 
pP  compatible 
SPI  interface 
32-bit  IEEE  754 
32-bit  integer 
Math  functions 
User  defined  functions 


www.micromegacorp.com 


2SCI969  2SC2879  SDI446  2SC2290 

See  our  website  for  other  products 

www.westgateparts.com 
Westgate  1-800-213-4563 


FREE  I 20  Pg  CATALOG 

Electronic  components,  kits, 
test  equipment,  tools,  and 
supplies  for  hams,  hobbyists, 
and  businesses.  Many  hard-to- 
find  items  like  variable 
capacitors,  vernier  dials,  coil 
forms,  magnet  wire,  and  toroids. 

Ocean  State  Electronics 
www.oselectronics.com 


Scientific 

Organizations 


www.sas.org/unite 
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CStamp™ 

ADC  PWM  -at 
lr>t  \o*°>  float 
Small  format  computers  in  fCf 

www.cstamp.com 


Education 


Affordable  Robotics 
Training  Courses  in: 

Basic  Electronics 
Digital  Electronics 
Relay  Control 
Servo  Controllers 
PLC  Systems 
Hydraulic  Systems 

From  Basic  to  Advanced! 

WWW.  UCANDO-CORP.  COM 

1-800-678-6113 

FREE  SHIPPING! 

UCANDO  VCR  Educational  Products  Co. 
(Est.  1988) 


Vacuum  Tubes 


WANTED 

To  buy  COMPLETE  *vacuum  tube 
collections,  ANY  quantity. Will  buy 
new,  new  w/o  boxes,  and  used.  We  buy 
all  types  and  will  not  cherry  pick  your 
collection. Will  travel  to  inspect  and 
pick  up  large  hoards. 

Paul,  Sound  Ideas,  32 1 5 NW  13th 
Street,  Gainesville,  FL  32609. 
pwb@soundideasstereo.com 
•please  list  tubes  in  the  note  line 
of  your  email 

352-378-0192 

FAX# I 352-371-1791 
FAX  #2  352-336-6821 
(10  am-7  pm  EST  M-F,  10  am-5  pm  Sat) 


RS485/422/232/TTL 


ASC24T  $45  • Converters 

• Repeaters 

• Fiber  Optics 

• Digital  I/O 

• Multidrop  RS232 

• Custom  Units 

• Auto  TX  Enable 


Extensive  Interface  Product  Line 

RS232  “Extension  Cords” 

Up  to  115.2  Kbps,  4000  ft.  ++ 
Large  Multidrop  Networks. 
Isolated  Units.  Smart  Units 
Remote  Relay  “Extension  Cords” 


Call  the  RS485  Wizards  at 

(513)  874-4796 


RES=  Smith 

www. rs485.com 

Microcontrollers 


MicroStampll 

World’s  Smallest  68HC11 
Microcontroller  Module! 

• telemetry 

• microrobotics 

• smart  toys 

• animatronics 

• model  railroading 

• home  automation 


• tiny  (1  by  1.4  in.),  light-weight  (0.5  oz.) 

• on-board  5V  reg.,  crystal,  81  reset  chip 

• choice  of  8K  or  32K  EEPROM 

• or  32K  RAM  + 32K  EEPROM  (64K  version) 

• SCI,  SPI,  Output  Compare  and  Input 
Capture  channels,  timer,  pulse  accumulator 

• all  14  I/O  lines  and  2 interrupt  lines 
brought  out  to  versatile  20-pin  connector 

• program  in  BASIC,  assembler,  or  C 

• easy  code-loading  with  Docking  Module 

• Starter  Packages:* 

• 8K  EEPROM  (#MS11SP8K) $49 

• 32K  EEPROM  (#MS11SP32K)...$77 

• 32K  EE/32K  RAM  (MS11SP64K)$90 


* includes  MicroStampll,  manual,  PC  soft- 
ware (assemblers,  SB  ASIC  compiler, 
MicroLoad  utility,  and  sample  programs), 
serial  cable,  Docking  Module,  & accessories. 

www.technologicalarts.com 

Toll-free  (USA  & Canada): 
1-877-963-8996 

Visa  » MasterCard  « Discover  » Amex 


OVER  4,300  ITEMS  IN  STOCK 

Surplus  & Refurbished 
Electronic  Equipment 
Parts  & Accessories 


Audio,  Communication,  Computer,  Telephone,  & 
Video  Equipment.  Repair  Parts  & Service  Manuals. 


SMC  ELECTRONICS 
www.smcelectronics.com 


On  Sale  Now 

Cordless  Telephone  Battery  Packs 
50  - 75%  OFF  RETAIL  PRICES! 


Robotics 


ARobot  Kit  from  Arrick 
Robotics  uses  the  Basic  Stamp 
II.  Quality  metal  construction. 
Easy  to  assemble  and 
very  expandable. 
$235.00 

www.robotics.com/arobot 


ROBOTIC 


CONTROLLERS 


Robot  Bases.  PIC,  OOPic,  Stamp 
and  servo  controllers.  New  Walking 
Machine  Controller.  Chips,  kits, 
assembled. 

www.oricomtech.com 


Fun 


pecializing  In: 

Serial  LCD’s  and  Accelerometers 
PIC,  AVR,  MSP,  and  LPC  products 
Development  tools  for  hobbyists 
and  professionals. 

Spark  Fun  electronics  is  the 
largest  oune<  dealer 
in  North  America. 


WWW  ^parkFun 


.com 
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Connectors  Wire/ Cable 


Audio/Video 


The  RF  Connection 

213  N.  Frederick  Ave.,Ste.  I INV 
Gaithersburg,  MD  USA  20877 

http://www.therfc.com/ 


Complete  Selection  of  MIL-Spec  Coax , 
RF  Connectors  and  Relays 

UG-2 1 B/U  N Male  for  RG-2 13/214  .$5.00 
UG-2 1 D/U  N Male  for  RG-2 13/214  .$3.25 
N Connectors  for  99 1 3/Flexi4XLV9096 

UG-2 1 B/99  I 3 $6.00  / Pins  Only. $ 1 .50 

UG-2 1 D/99  I 3 ..$4.00  / Extra  Gasket.$0.75 
Amphenol  83- ISP- 1 050  PL-259  $0.90 
UG- 1 76/U  Reducer  RG-59/8X,  $0.25 
or  5/$  1 .00 

UG- 1 75/U  Reducer  RG-58/58A,  $0.25 
or  5/$  1 .00 

SilverTeflon  PL-259/Gold  Pin,  $1.00 
or  1 0/$9.00 


MIL-Spec  Coax  Available  (Teflon,  PVC  IIA) 
New  Product:  Belden  99  I 3 F,  99 1 3 with 
High  Density  PE  Foam  dielectric, 
stranded  center  cond.  and  Duobond 
III  Jacket  $0.80/ft  or  $76.00/1 00ft 
Also  New:  9092,  RG8X  with  Type  II  Jacket. 

Intro  Price $23.00/ 1 00ft 

Call  for  Specials  of  the  Month 
Full  Line  of  Audio  Connectors  for  Icom, 
Kenwood,  and  Yaesu 
8 Pin  Mike  Female  $2.50 

8 Pin  Mike  Male  Panel  $2.50 

I 3 Pin  DIN  for  Kenwood  $2.75 
8 Pin  DIN  for  Icom  $1.00 

8 Pin  DIN  for  Kenwood  $ 1 .50 

Prices  Do  Not  Include  Shipping 
Orders  800-783-2666 

Info  301-840-5477 

FAX  301-869-3680 


Amateur  Radio 


ZAP  CHECKER  MODEL  270 

WIRELESS  INSTALLATION  METER 


for  WIFI,  WLANs 
& SURVEILLANCE 

• Aims  and  Aligns  Antennas 

• Tests  Transmitter/Antenna  Output 

• Measures  Baseline  RF  and  RFI 

• Identifies  HOT  and  COLD  spots 

• Finds  Hacker  Sites  & Cable  Leaks 

• Optimizes  Hub  Placement 


eQOQ  W/ directional  1£-4i  GHz  Ant 

(+ $7  SSKCA  Residents  add  125%  tax) 


ALAN  BROADBAND  CO. 

93  ARCH  ST.  REDWOOD  CITY,  CA  94062 
TEL  (650)  369-9627  FAX;(650)  369-3788 


WWW.ZAPCHECKER.COM 


PROFESSIONAL  EAVESDROPPING  DETECTOR 

2.4  GHz  BUGS  detected  at  100  + feet 


$549 

• DETERMINES  DIRECTION 
• SUPER  FAR-FIELD  DETECTION 
• H0MES-IN  & PINPOINTS  LOCATION 
• 10  MHz  - 4.5  GHz  BANDWIDTH,  - 70  dBm  at  2.4  GHz 


ALAN  BROADBAND  CO. 

(650)369-9627  (888)369-9627  FAX:  (650)  369-3788 

WWW.ZAPCHECKER.COM 


Online  Catalog  Only 

www.Dielgcti%l^.com 


J2uteorib>&  today! 

WwW.  nateVoite . oom 


SCSI 


I-U320  50Pin-68Pin-80Pin 
1 to  8 Bay  Case  Enclosures 
Adapters  Cables  Terminators 
Low  Prices  - Qty  Discounts! 
(Also  FireWire,  USB,  Video) 
www.mcpb.com 


Mfg.  Custom  Data/Computer  Cables 
Network,  Coaxial,  Fiber  Optics 
Wholesale  & Retail 

R & D Electronic  Supply 

714-979-1834 

3301  S.  Harbor  #108,  Santa  Ana,  CA 

Visit  us  at  www.rdelectronic.com 


Computer 
Hardware  Wanted 


DEC  EQUIPMENT 
WANTED!!! 

Digital  Equipment  Corp. 
and  compatibles. 

Buy  - Sell  - Trade 

Call  Keyways  937-847-2300 
or  email  buyer@keyways.com 


CCD/ Cameras/ 
Video 


USB  2.0  Camera  module  with  SDK 
Mega  pixel  high-speed  USB2.0  camera  module. 
Capture  size  from  320x240  to  1280x1024  at  real 
time  speed.  Complete  SDK,  highly  customizable 
and  flexible.  On  board  hardware  resources.  Price 
from  $89  to  $169.  Suitable  for  all  kinds  of 
computerized  image  capturing  project. 


For  more  information,  visit  our  website 

www.fclab.com 


www.matco.com 

2 Input  Digital  Video  Web  Server 

DVR-1 000-WS  allows  up  to 
2 composite  video  sources 
for  broadcast  on  the  Internet, 
10/100  Base-T  network 
$199  interface,  Accessible  via 

Internet  or  LAN,  Fixed  or 

Dynamic  IP  address,  Auto  e-mail  warning  or  image 
FTP  when  alarm  trigged,  15  fps,  Built-in  Auto 
Network  Reconnection  function,  IE  Browser  display 

(800)719-9605  sales@matco.com 


www.matco.com 

Real  Time  4 Channel  PC  Based 


Digital  Video  Capture  Card 

Internet  Accessable 


$69/ea 


Real  Time  DVRC-TD4 

120/120  fps,  320x240, 
Local  & Remote  PTZ 
control,  4 BNC  Video  Input, 
Plug  and  Play 


(800)719-9605  sales@matco.com 


www.matco.com 

4 Channel  Network  DVR 
IP  Solution  DVR-2200-W 

$499/ea 

30  fps  full  size/120 
fps  quad  size;  Up 
to  250  GB  optional  HDD;  Dynamic  or  statistic  IP; 
Internet  accessable;  Wavelet  compression  format; 
Alarm  input/output;  Video  loss  detection;  Multiple 
quick  search;  POP/PIP;  RS-232,  RS-485  comm. 
(800)719-9605  sales@matco.com 


www.matco.com 

Pocket  Digital  Video  Recorder 

-Built-in  HDD  for  40hrs  real- 
time recording  in  MP4 

- Wired  button  & IR  Remote 
Control 

- A/V  in/out,  USB  interface 

- 3.5”  TFT  LCD  monitor 

$499  - 5-1/8”  x 3-3/8”  x 13/8” 

- Weight  0.67  Lb. 

(800)719-9605  sales@matco.com 


Design/Engineering  Services 


OK,  so  now  we  have  the  world’s  smallest 
Microprocessor  in  SOT  23-6  pin,  smallest 
w w Op  Amp  in  SOT  23-5  pin, 

smallest  Power  FET  in 
^7  SOT  23-4  pin.  But,  how 


do  you  work  with  them 


without  spending  an 
arm  and  a leg???  ONE  PASSircuit™  ! 

www.onepasinc.com 


Your  Idea 

on  a budget 


Product  Development 
Electrical  Design  ■ Firmware 
Far  East  Manufacturing  ■ Prototyping 

www.elementinc.com  303-466-2750 


* Circuit  board  lai|outs> 
^Protctqpe  assemblies’ 

WWW.OSPREYELECTRONICS.COM 

Convert  your  sketch  or  print  into  a quality 
pcb  for  a reasonable  price.  Visit  us  on 
the  web  or  call  Osprey  Electronics  at 
(208)  665  1688  (USA) 


Military  Surplus 
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Security 


Ji 


Batteries/ 
Battery  Chargers 


Computer  Software 


www.matco.com 
OEM  Available 

Miniature  CMOS  Camera 

CML-1 00/CM  P-1 01 
1/4"  CMOS,  380  TVL, 

3 Lux/f2.0,  3.6/5.5mm  Lens 
B/W:  $29/ea  Color:  $39/ea 
Color  Mini  Pinhole 
BX-123LC/PC 
SONY  1/3"  CCD, 

380  TVL,  0.1  Lux/f2. 

3.6  mm  Lens 
Size:  0.9"  X 0.9"  X 0.5"  (with  Audi°) 

Super  Hi-Res  Color  Lens  Box  Camera 
BX-130LC-HR 
SONY  1/3"  CCD, 
470  TVL, 

0.4  Lux/f2.0, 

3.6  mm  Lens 
(800)7 1 9-9605  sales@matco.com 


imera 

m 

$69/ea^^^ 


eonsumertromcs.net 

Hi-Tech  Survival  Offers! 

Electronics,  security,  energy, 
computers,  Net,  phones,  medical, 
legal,  financial, weird.  Cat.$1 


Membrane 
Keyboards/ Switches 


CUSTOM  M€MBRRN€ 
K6VBORRDS  / SUUITCH€S 


► 1 TO  2 WEEKS  TURNAROUND 


•VERY  COMPETITIVE  PRICING 


• Ex.:  (5)  4-switch  keyboards  for  $395.00 

► Custom  metal  bookplates,  cases  and  assemblies 

► Electronic  assemblies/graphic  overlays 


ricoian  ■ 


Tel:  (418)  622-5298 

Toll  free:  1-888-408-4780 
Email:  sales@picofab.net 


Printer  Supplies 


Hard-to-fihd 

Printer  MGGohs 

INKJET  REFILLS 

INKJET  CARTRIDGES 

AT  DISCOUNT  PRICES 

Write  for  price  list  or 

check  out  our  web  page. 

o 

H.T.  Orr  - Computer  Supplies 

» 

249  Juanita  Way 

Placentia,  CA  92870-22J6 

!o8 

1 

TOLL  FREE  1-800-377-2023 

iw 

LOCAL  714-528-9822 

ik 

FAX  714-993-6216 

13 

email:  Htorr@aol.com 

z 

http://users.adelphia.net/~htorr 
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Buy  Direct,  Low  Prices 


Spy  Cameras.  Underwater  Cameras 
Vehicle  Tracking,  Telephone  Recorders 
Phone  Bug  Detectors 


www.matco.com 

18  Ch  12  VDC  Power  Distribution  Box 

$99/ea  12  VDC  regulated, Total 

current  6A,18  outputs,  333 
mA  per  terminal,  18  terminal 
blocks,  Fuse  on  each 
channel,  18  female  power 
connectors  on  PCB  board 
for  easy  connect  to  camera 

XF<250DC-6A/18cable  16"WX  9 5"H  X 3 5"D 

(800)719-9605  sales@matco.com 


Card-Access 


www.kadtronix.com 


Smart  Battery  Charger 


FOR  GEL- CELLS  or 
LEAD  ACID  BATTERIES 


New  & 
Improved 


Features:  Precision  temperature  tracking  voltage 
reference  & three  mode  charging  sequence. 
Standard  kit  is  for  12V  @ 1/2  or  1 Amp.  user 
selectable.  Can  be  connected  to  the  battery 
indefinately,  will  not  over-charge.  Weighs  2 pounds 
and  measures  4”  W x 5V2”  D x 2V2”  H.  Finished 
enclosure  included  in  kit. 

Complete  Kit  (#1 50-KIT) $59.95 

Assembled  & Tested  (#150-ASY) $79.95 

CA  Residents  add  7.75%  sales  tax.  S&H:  $7.50  (insured) 
Foreign  orders  add  20% 

www.a-aengineering.com 


€&  A*A  Engineering  m 

2521  W.  La  Palma  #K  • Anaheim,  CA  92801 
(714)  952-2114  • FAX:  (714)  952-3280 


<MI  (ss  Us®£S?  tSD  asara  sjtsar 
ajals^sftpiSam 


Plans/Kits/ 

Schematics 


o Measu 

□ Kit  contains  bridge  rectifier,  all 
caps,  and  LM78L05  regulate 

□ $9.95  ea.  postpaid. 

244  Mistwood  Ln.,  1\I.  Aurora, 
gjfdataRCDD@aol.com 


• Not  too  long  ago.tna 

galaxy  not  so  fat  am ... 

was  something  VM 
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Invariably,  video  information  must  be  transferred  from 
one  device  to  another.  It  could  be  from  a satellite 
set-top  box  or  DVD  player  to  a television  — or  it  could  be 
from  one  chip  to  another  inside  the  satellite  set-top  box 
or  television.  Although  it  seems  simple,  there  are  many 
different  requirements  and,  therefore,  many  different 
ways  of  doing  it. 

Until  a few  years  ago,  most  consumer  video  equipment 
supported  only  analog  video.  Digital  video  was  confined 
to  professional  applications,  such  as  video  editing. 

The  average  consumer  now  uses  digital  video  every 
day,  thanks  to  continually  falling  costs.  This  trend  has 
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VIDED 


By  Keith  Jack 


Although  there  are  many 
variations  and  implementation 
techniques,  video  signals  are  just 
a way  of  transferring  visual 
information  from  one  point  to 
another.  The  information  may  be 
from  a VCR,  DVD  player,  broadcast 
channel,  cable  television,  satellite 
system,  the  Internet,  or  one  of 
many  other  sources. 


led  to  the  development  of  DVD  players  and  recorders, 
digital  set-top  boxes,  digital  television  (DTV),  portable 
video  players,  and  the  ability  to  use  the  Internet  for 
streaming  video  data. 

Video  Data 

Initially,  video  contained  only  Y or  grayscale  (also 
called  black-and-white)  information. 

While  color  broadcasts  were  being  developed, 
attempts  were  made  to  transmit  color  video  using 
analog  RGB  (Red,  Green,  Blue)  data.  However,  this 
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FIGURE  1.  NTSC  CDMPDSITE  VIDED  SIGNAL  FDR  75%  CDLDR  BARS. 


that  led  to  using  Y,  (J,  and  V data 
to  represent  color  information.  A 
technique  was  then  developed  to 
transmit  this  Y,  U,  and  V information 
using  one  signal  — instead  of  three 
separate  ones  — in  the  same  band- 
width as  the  original  grayscale  video 
signal.  The  general  relationship 
between  YUV  and  gamma-corrected 
RGB  (R'G'B')  is: 

Y = 0.299R'  + 0.587G'  +0.1  MB' 

0 = - 0.147R'  - 0.289G'  + 0.436B' 
= 0.492  (B'  - Y) 

V = 0.615R'  - 0.515G'  - 0.100B' 
= 0.877(R'  - Y) 

R'  = Y+  1.140V 

G'  = Y - 0.395U  - 0.581V 

B'  = Y + 2.032U 

In  order  to  transmit  the  color 
information  so  that  black-and-white 
televisions  would  still  display  the 
grayscale  image,  the  color  informa- 
tion (Cl  and  V)  is  modulated  onto  a 
3.58  MHz  (NTSC)  or  4.43  MHz 
(PAL)  subcarrier  and  added  to  the 
grayscale  video  signal. 

composite  color  video  = Y + Cl  sin  wt 
+ V cos  wt  + timing 


technique  occupied  3x  more  bandwidth  than  the  current  w = 2pFsc 

grayscale  solution,  so  alternate  methods  were  developed  Fsc  = -3.58  MHz  for  NTSC;  -4.44  MHz  for  PAL 


FIGURE  2.  NTSC  LUMINANCE  (Y)  VIDED  SIGNAL  FDR  75%  CDLDR  BARS. 
Indicated  luminance  levels  are  ID-bit  values. 
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The  resulting  NTSC  com- 
posite video  signal  (Figure  1) 
is  what  the  NTSC,  PAL,  and 
SECAM  video  standards  are 
still  based  on  today. 

S-video  was  later  developed 
for  connecting  consumer 
equipment  together  (it  is 
not  used  for  broadcast 
purposes).  It  is  a set  of  two 
analog  signals  — the  grayscale 
(Y)  signal  (shown  in  Figure  2) 
and  the  chroma  (C)  signal 
that  carries  the  (J  and  V color 
information  in  a specific 
format  (shown  in  Figure  3). 
Note  that  if  Y and  C are  added 
together,  the  result  is  a 
composite  video  signal.  Once 
available  only  for  S-VHS, 
S-video  is  now  supported 
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on  most  consumer  video  products. 

Although  always  used  by  the 
professional  video  market,  analog 
RGB  video  data  has  made  a tempo- 
rary come-back  for  connecting  high 
end  consumer  equipment  together. 
Like  S-video,  it  is  not  used  for  broad- 
cast purposes. 

A variation  of  the  analog  YUV 
video  signals  called  YPbPr  — illustrated 
in  Figure  4 — is  now  commonly  used 
for  connecting  consumer  video  prod- 
ucts together.  Its  primary  advantage 
is  the  ability  to  transfer  high  definition 
video  between  consumer  products. 
Some  manufacturers  also  label 
these  YPbPr  connectors  as  YUV, 
YCbCr,  or  Y(B-Y)(R-Y). 

Video  Timing 


20  IRE 

20  IRE 
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COLOR  BURST 
(9  CYCLES) 


BLANK  LEVEL  (512) 


FIGURE  3.  (M)  NTSC  CHROMINANCE  (C)  VIDED  SIGNAL  FDR  75%  CDLDR  BARS. 
Indicated  vided  levels  are  ID-bit  values. 


The  composite  sync  signal  is  a combination  of  both  ver- 
tical and  horizontal  sync.  Computer  and  consumer  equip- 
ment that  uses  analog  RGB  video  usually  uses  technique  1 or 


Although  it  looks  like 
video  is  in  continuous  motion, 
it  is  actually  a series  of  still 
images,  changing  fast  enough 
that  it  looks  like  continuous 
motion,  as  shown  in  Figure  5. 
This  typically  occurs  50  or 
60  times  per  second  for 
consumer  video  and  60-90 
times  per  second  for  computer 
displays.  Special  timing 
information  known  as  vertical 
sync  is  used  to  indicate  when 
a new  image  is  starting. 

Each  still  image  is  also 
composed  of  scan  lines  — 
lines  of  data  that  occur 
sequentially,  one  after  another, 
down  the  display,  as  shown 
in  Figure  6.  Additional  timing 
information  — horizontal 
sync  — is  used  to  indicate 
when  a new  scan  line  is 
starting.  The  vertical  and 
horizontal  sync  information 
is  usually  transferred  in  one 
of  three  ways: 

1.  Separate  horizontal  and 
vertical  sync  signals 

2.  Separate  composite  sync 
signal 

3.  Composite  sync  signal 
embedded  within  the  video 
signal 
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FIGURE  4.  HDTV  ANALDG  YPbPr  VIDED  SIGNAL. 


WHITE  LEVEL  (800) 


SYNC  LEVEL  (488) 


BLACK /BLANK  LEVEL  (252) 


SYNC  LEVEL  (16) 


Y CHANNEL,  SYNC  PRESENT 


1 .003  V 


0.653  V 


0.303  V 


PEAK  LEVEL  (786) 


BLACK /BLANK  LEVEL  (512) 


PEAK  LEVEL  (238) 


PB  OR  PR  CHANNEL,  NO  SYNC  PRESENT 


61 


Video 


VERTICAL 

SCANNING 


HORIZONTAL 

SCANNING 


FIGURE  6.  Progressive 

DISPLAYS  “PAINT”  THE  LINES 
□ F AN  IMAGE  CONSECUTIVELY, 
ONE  AFTER  ANOTHER. 


2.  Consumer  equip- 
ment that  supports 
composite  video  or 
analog  YPbPr  video 
usually  uses  tech- 
nique 3.  For  digital  video,  either  technique  1 is  commonly 
used  or  timing  code  words  are  embedded  within  the 
digital  video  stream. 

Interlaced  vs.  Progressive 

Since  video  is  a series  of  still  images,  it  makes  sense 
to  simply  display  each  full  image  consecutively,  one  after 
the  another.  This  is  the  basic  technique  of  progressive  — 
or  non-interlaced  — displays.  For  progressive  displays  that 
“paint”  an  image  on  the  screen  (such  as  a CRT),  each 
image  is  displayed  starting  at  the  top  left  corner  of  the 
display,  moving  to  the  right  edge  of  the  display.  The 
scanning  then  moves  down  one  line  and  repeats  scanning 
left-to-right.  This  process  is  repeated  until  the  entire 
screen  is  refreshed,  as  seen  in  Figure  6. 

In  the  early  days  of  television,  a technique  called 
“interlacing”  was  used  to  reduce  the  amount  of  information 
sent  for  each  image.  By  transferring  the  odd-numbered 


lines  followed  by  the  even-numbered  lines  (as 
shown  in  Figure  7),  the  amount  of  information 
sent  for  each  image  was  halved.  Given  this 
advantage  of  interlacing,  why  bother  to  use 
progressive? 

With  interlace,  each  scan  line  is  refreshed 
half  as  often  as  it  would  be  if  it  were  a progres- 
sive display.  Therefore,  to  avoid  line  flicker  on 
sharp  edges  due  to  a too-low  refresh  rate,  the 
line-to-line  changes  are  limited,  essentially  by 
vertically  lowpass-filtering  the  image.  A pro- 
gressive display  has  no  limit  on  the  line-to-line 
changes,  so  it  is  capable  of  providing  a higher 
resolution  image  (vertically)  without  flicker. 

Today,  most  broadcasts  (including 
HDTV)  are  still  transmitted  as  interlaced.  Most 
CRT-based  televisions  are  still  interlaced,  while  LCD, 
plasma,  and  computer  displays  are  progressive. 


Digital  Video 

The  most  common  digital  video  signals  used  are  RGB 
and  YCbCr.  RGB  is  simply  the  digitized  version  of  the 
analog  RGB  video  signals.  YCbCr  is  basically  the  digitized 
version  of  the  analog  YPbPr  video  signals  and  is  the  format 
used  by  DVD  and  the  various  terrestrial,  cable,  and  satel- 
lite digital  television  standards  (ATSC,  DVB,  and  ISDB). 

Not  too  long  ago,  DVI  was  introduced  to  consumer 
products  for  transferring  digital  RGB  video  between 
components.  In  2004,  the  trend  has  shifted  to  using 
HDMI,  which  has  the  advantage  of  a smaller  connector, 
the  ability  to  transfer  digital  audio,  and  the  ability  to 
support  both  the  RGB  and  YCbCr  digital  video  formats. 

Best  Connection  Method 

There  is  always  the  question,  “What  is  the  best 
connection  method  for  equipment?”  For  DVD  players  and 
digital  cable/satellite/terrestrial  set-top  boxes,  the  typical 
order  of  decreasing  video  quality  is: 


b 
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FIGURE  7.  Interlaced  displays  first  “paint” 

□ NE  HALF  GF  THE  IMAGE  (ODD  LINES),  THEN  THE 
□ THER  HALF  (EVEN  LINES). 


HORIZONTAL 
VERTICAL  SCANNING 

SCANNING  FIELD  1 


HORIZONTAL 
SCANNING 
FIELD  2 
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1.  HDMI  (digital  YCbCr) 

2.  HDMI/DVI  (digital  RGB) 

3.  Analog  YPbPr 

4.  Analog  RGB 

5.  Analog  S-video 

6.  Analog  Composite 

Some  may  disagree  about  the  order.  However,  most 
consumer  products  do  digital  video  processing  in  the 
YCbCr  color  space.  Therefore,  using  YCbCr  as  the  inter- 
connect for  equipment  reduces  the  number  of  color 
space  conversions  required.  Color  space  conversion  of 
digital  signals  is  still  preferable  to  D/A  (digital-to-analog) 
conversion,  followed  by  A/D  (analog-to-digital)  conver- 
sion, hence  the  positioning  of  DVI  above  analog  YPbPr. 
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Video  Resolution 

Video  resolution  is  one  of  those  “fuzzy”  things  in  life.  It 
is  common  to  see  video  resolutions  of  720  x 480  or  1,920 
x 1,080.  However,  those  are  just  the  number  of  horizontal 
samples  and  vertical  scan  lines  and  do  not  necessarily 
convey  the  amount  of  useful  information. 

For  example,  an  analog  video  signal  can  be  sampled 
at  13.5  MHz  to  generate  720  samples  per  line.  Sampling 
the  same  signal  at  27  MHz  would  generate  1 ,440  samples 
per  line.  However,  only  the  number  of  samples  per  line  has 
changed,  not  the  resolution  of  the  content. 

Therefore,  video  is  usually  measured  using  “lines  of 
resolution.”  In  essence,  how  many  distinct  black-and-white 
vertical  lines  can  be  seen  across  the  display?  This  number 
is  then  normalized  to  a 1:1  display  aspect  ratio  (dividing 
the  number  by  3/4  for  a 4:3  display  or  by  9/16  for  a 16:9 
display).  Of  course,  this  results  in  a lower  value  for 
widescreen  (16:9)  displays,  which  goes  against  intuition. 

Standard  Definition 

Standard  definition  video  is  usually  defined  as  having 
480  or  576  interlaced  active  scan  lines  and  is  commonly 
called  480i  or  576i,  respectively. 

For  a fixed-pixel  (non-CRT)  consumer  display  with  a 
4:3  aspect  ratio,  this  translates  into  an  active  resolution  of 
720  x 480i  or  720  x 576i.  For  a 16:9  aspect  ratio,  this  trans- 
lates into  an  active  resolution  of  960  x 480i  or  960  x 576i. 

Enhanced  Definition 

Enhanced  definition  video  is  usually  defined  as  having 
480  or  576  progressive  active  scan  lines  and  is  commonly 
called  480p  or  576p,  respectively. 

For  a fixed-pixel  (non-CRT)  consumer  display  with  a 4:3 
aspect  ratio,  this  translates  into  an  active  resolution  of  720 
x 480p  or  720  x 576p.  For  a 16:9  aspect  ratio,  this  translates 
into  an  active  resolution  of  960  x 480p  or  960  x 576p. 

The  difference  between  standard  and  enhanced 
definition  is  that  standard  definition  is  interlaced,  while 
enhanced  definition  is  progressive. 

High  Definition 

High  definition  video  is  usually  defined  as  having  720 
progressive  (720p)  or  1,080  interlaced  (l,080i)  active 
scan  lines.  For  a fixed-pixel  (non-CRT)  consumer  display 
with  a 16:9  aspect  ratio,  this  translates  into  an  active 
resolution  of  1,280  x 720p  or  1,920  x l,080i,  respectively. 

However,  HDTV  displays  are  technically  defined  as 
being  capable  of  displaying  a minimum  of  720p  or  l,080i 
active  scan  lines.  They  also  must  be  capable  of  displaying 
16:9  content  using  a minimum  of  540  progressive  (540p) 
or  810  interlaced  (81  Oi)  active  scan  lines.  This  enables 
the  manufacturing  of  CRT-based  HDTVs  with  4:3  aspect 
ratios  and  LCD/plasma  16:9  aspect  ratio  displays  with 
resolutions  of  1,024  x l,024p,  1,280  x 768p,  1,024  x 768p, 
and  so  on,  lowering  costs. 
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Audio  and  Video  Compression 

The  recent  advances  in  consumer  electronics  — such 
as  digital  television,  DVD  players  and  recorders,  digital 
video  recorders,  and  so  on  — were  made  possible  due  to 
audio  and  video  compression  based  largely  on  MPEG-2 
video  with  Dolby®  Digital,  DTS®,  or  MPEG  audio.  New 
audio  codecs  (such  as  MPEG-4  HE-AAC  and  WMA  Pro) 
and  new  video  codecs  (such  as  H.264  and  SMPTE  VC-1) 
offer  much  better  compression  than  legacy  codecs  for  the 
same  quality.  These  advances  are  enabling  new  ways  of 
distributing  content  (both  to  consumers  and  within  the 
home),  new  consumer  products  (such  as  portable  video 
players  and  mobile  video/cell  phones),  and  more 
cable/satellite  channels.  NV 


Keith  Jack  is  the  author  of  Video  Demystified  and  Director  of 
Product  Marketing  at  Sigma  Designs , a leading  supplier  of  Digital 
Media  Processors  that  provides  high  quality  processing  of  H.264, 
WMV9/VC-I,  MPEG-4,  MPEG-2,  MPEG- 1,  and  content.  In  his 
previous  career  in  marketing  and  chip  design,  he  was  involved  in 
bringing  over  30  multimedia  chips  to  the  consumer  market. 
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The  math  will  be  kept  to  an  absolute  minimum.  This  is  not  to  say 
that  the  math  is  not  important.  Quite  the  opposite  — control 
systems  may  be  modeled  and  analyzed  mathematically.  The 
mathematics  is  nothing  short  of  amazing  and  I would 
encourage  you  to  peruse  it.  There  are  hundreds  of  books 
that  explain  the  theory  and  mathematics  of  control  systems. 
These  books  will  introduce  you  to  powerful  tools,  such  as 
Laplace  transforms,  root  locus,  and  Bode  plots.  Again,  this 
series  of  articles  hardly  scratches  the  surface.  There  is  much  more 
to  be  learned. 

What  Is  PID  Control? 


The  term  PID  is  an  acronym  that  stands  for  Proportional 
Integral  Derivative.  A PID  controller  is  part  of  a feedback  system. 
A PID  system  uses  Proportional,  Integral,  and  Derivative  drive 
elements  to  control  a process.  Some  of  you  already  know  what  P,  I, 
and  D stand  for.  Don’t  worry  if  you  don’t;  we  will  soon  cover  these  terms  with 
easy-to-understand  examples. 

Why  Do  I Need  PID  Control? 

You  need  the  PID  because  there  are  some  things  that  are  difficult  to  control 
using  standard  methods.  Let  me  illustrate  with  an  example.  My  first  experience 
with  control  systems  was  a failure.  My  goal  was  to  regulate  the  output  of  a power  supply  using  a 
PIC  microcontroller.  The  PIC  read  the  output  voltage  with  an  AD  converter  and  adjusted  a PWM  to 
regulate  the  output.  The  control  strategy  was  very  simple:  If  the  voltage  was  below  a set-point,  turn 
on  the  PWM.  If  the  measured  voltage  was  above  the  set-point,  then  turn  off  the  PWM.  The  PIC  power 
supply  almost  worked.  It  did  produce  the  DC  output  voltage  that  I wanted.  Unfortunately,  it  also  has  a 
significant  AC  ripple  riding  on  the  DC  signal. 

The  control  strategy  I just  described  is  called  on-off  or  bang-bang  control.  Many  types  of  systems  use  this  control 
strategy.  Take  the  furnace  in  my  house  as  an  example.  When  the  temperature  is  below  the  set-point,  the  furnace  is  on. 
When  the  temp  is  above  the  set-point,  the  furnace  is  off.  Just  like  my  power  supply,  the  plot  of  temperature  over  time 
results  in  a sine  wave. 


THE  PID  COnTnOLLtH 


Welcome  to  the  world  of  control  systems.  This  is 
truly  one  of  the  most  exciting  and  fascinating 
aspects  of  electronics. 


Panhl 

by  Aaron  Dahlen 
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For  some  types  of  control,  this  is  acceptable;  for 
others,  it  is  not.  You  wouldn’t  want  this  type  of  control  for 
a servo  motor  — bad  things  would  happen!  Just  imagine 
— the  motor  would  be  full  power  in  one  direction  and,  the 
next  moment,  full  power  in  the  other  direction.  You  can 
see  where  the  term  bang-bang  comes  from.  That  servo 
won’t  last  long! 

The  FID  controller  takes  control  systems  to  the  next 
level.  It  can  provide  a controlled  — almost  intelligent  — 
drive  for  systems.  We  will  now  examine  the  individual 
components  of  the  FID  system.  This  step  is  necessary  to 
understand  the  entire  PID  system.  Please  don’t  skip  this 
section;  you  must  know  how  the  individual  components 
function  to  understand  the  whole  system. 

What  Is  Proportional? 

This  one  is  easy.  The  proportional  component  is 
simply  gain.  We  can  use  an  inverting  op-amp,  as  shown 
in  Figure  1.  In  this  op-amp  circuit,  the  gain  is  set  by 
the  values  of  the  resistors.  We  have  the  following  mathe- 
matical relationship: 

Vout  = -Vin  * Rf  /Ri 

What  Is  Integral? 

Integral  is  shorthand  for  integration.  You  can  think  of 
this  as  accumulation  (adding)  of  a quantity  over  time.  For 
example,  you  are  now  integrating  this  information  into 
your  store  of  knowledge.  Your  store  of  knowledge  has 


components  of  both 
time  and  knowledge. 
Obviously,  we  all 
started  as  babies 
with  virtually  no 
knowledge.  Over 
time,  we  have  inte- 
grated knowledge 
into  our  brains. 

In  our  PID  con- 
troller, we  are  integrating  voltage  as  time  progresses.  A 
schematic  of  an  integrator  circuit  is  shown  in  Figure  2. 
The  output  voltage  is  described  mathematically  by  the 
following  equation: 

Vout  = -(1/RC)  * (area  under  curve)  + initial  charge  on 
capacitor 

Area  is  a component  of  voltage  and  time.  Let’s 
examine  the  operation  of  an  ideal  integrator.  We  can 
simplify  the  math  by  making  the  1/RC  term  equal  to  1 
(i.e.,  let  R=100  KQ  and  C=10  pF).  Figure  3 illustrates  the 
input/output  relationships  of  the  integrator.  From  Time  0 
to  2 seconds,  have  a 2 V square  wave  applied  to  the  input 
of  the  integrator.  The  output  of  the  integrator  at  the 
end  of  this  time  period  is  -4  V (remember  the  circuit  is 
inverting).  The  integrator  has  accumulated  a 2 V signal 
for  2 seconds.  The  area  is  equal  to  4.  From  T2  to  T4, 
there  is  no  voltage  applied  to  the  integrator.  The  output  is 
unchanged.  In  the  remainder  of  this  diagram,  you  can  see 
that  the  integrator  output  changes  polarity  when  the  input 
signal  changes  polarity. 

The  previous  discussion  assumed  an  ideal  integrator. 
Real  capacitors  will  have  some  leakage  and  will  tend  to 
discharge  themselves.  Also,  real  op-amps  may  charge 
the  capacitor  with  no  input  present.  If  the  circuit  is  built 
as  drawn,  it  will  likely  saturate  after  a few  minutes  of  oper- 
ation. To  prevent  this  saturation,  add  a resistor  in  parallel 
to  the  capacitor.  For  our  purposes,  we  are  not  concerned 
about  the  saturation.  We  will  be  using  the  integrator  with 
other  circuits  to  control  the  charge  on  the  capacitor. 
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To  better  understand  the  integrator,  let’s  look  at  a 
typical  application.  Integrators  are  often  found  in  high 
end  audio  amplifiers.  In  this  application,  they  are  called 
DC  servos.  A typical  application  is  shown  in  Figure  5. 

The  purpose  of  this  circuit  is  to  remove  the  unwanted 
DC  voltage  from  the  output  of  the  audio  amplifier.  Any 
DC  voltage  seen  on  the  output  of  the  amplifier  will  tend 
to  charge  the  integrator’s  capacitor.  The  integrator 
then  changes  the  bias  of  the  audio  amplifier  to  remove 
the  DC  component.  The  resistor  and  capacitor  are 
selected  so  that  the  circuit  will  not  respond  to  audio 
frequencies. 

Also,  recall  that  an  AC  waveform  is  symmetrical. 

The  part  above  0 tends  to  charge  the  capacitor,  while 
the  part  below  will  discharge  the  capacitor.  Therefore, 
when  you  integrate  an  AC  waveform  over  a large 
amount  of  time,  you  get  0.  Even  a small  DC  voltage  will 
charge  the  capacitor  over  a long  period  of  time,  thus 
rebiasing  the  amplifier. 

What  Is  Derivative! 

The  derivative  is  a measurement  of  the  rate  of  change. 
The  ideal  differentiator  is  shown  in  Figure  5.  This  circuit 
looks  similar  to  the  high  pass  filters  you  have  seen  in  other 
schematics.  Low  frequencies  are  attenuated,  while  high 
frequencies  are  allowed  to  pass.  The  mathematics  that 
describe  the  differentiator  is: 

Vout  = -RC  * (rate  of  change) 

Rate  of  change  is  equivalent  to  measuring  the  slope  of 
a line.  Slope  is  a measure  of  the  change  in  voltage  divided 
by  the  change  in  time.  In  mathematical  terms,  this  is  referred 
to  as  a delta  voltage  over  delta  time  or  simply  dv/dt.  If  we 


apply  a ramp  to  the  differentiator,  we  get  a steady  DC  output 
voltage.  Figure  6 illustrates  the  input/output  relationship  of 
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a differentia- 
tor. To  simplify 
the  math,  we 
will  let  RC=1. 
From  time  0 
to  2,  the  volt- 
age changes 
-4  volts,  while 
the  time 
changes  2 

seconds.  The  slope  of  this  line  is,  therefore,  -2.  The  output  of 
the  differentiator  will  be  equal  to  2 — remember  the  stage  is 
inverting. 


Servo  Motor  System 

Now  that  we  are  familiar  with  the  F,  I,  and  D terms, 
let’s  examine  how  they  are  combined  to  form  a complete 
system.  We  will  be  using  the  PID  controller  to  control  a DC 
servo  motor.  I used  a Hitec  brand  servo  motor  typically 
found  in  R/C  model  cars  and  airplanes.  This  servo  is  inex- 
pensive and  readily  available.  You  can  also  purchase 
replacement  gears  — more  of  that  in  the  next  installment! 

The  servo  mechanism  consists  of  several  compo- 
nents, as  shown  in  Photo  1.  We  have  a DC  motor,  a set  of 
gears,  and  a variable  resistor.  The  resistor  is  attached  to 
the  last  gear.  This  variable  resistor  is  used  to  determine 


the  rotational  position  of  the  motor. 

The  servo  was  gutted.  I only  used  the  motor  and 
the  variable  resistor,  as  shown  in  Photo  2. 

PID  Block  Diagram 

A block  diagram  showing  the  functional  relation- 
ships of  the  PID  controller  is  shown  in  Figure  7.  The 
first  thing  to  notice  is  that  this  is  a parallel  process.  The 
P,  I,  and  D terms  are  calculated  independently  and  then 
added  at  the  summer  X.  The  input  to  this  loop  is  the 
set-point  — in  this  application,  it  can  range  from  -12  to 
+12  VDC.  The  output  is  motor  position.  Position  is 
measured  by  the  resistor  and  feedback  as  a voltage 
between  -12  to  12  VDC.  We  will  now  examine  each 
of  the  PID  terms  independently  to  see  how  they  are 
related.  For  this  discussion,  assume  that  the  set-point  is  0 
VDC. 

On  the  far  left  of  Figure  7,  we  see  a summing  junction. 
The  difference  between  the  set-point  and  feedback  is  the 
error  of  the  system.  If  the  measured  motor  position  is  positive 
of  where  it  should  be,  the  error  will  be  negative  (i.e.,  a 
negative  correction  is  required).  Likewise,  if  the  measured 
motor  position  is  -1,  the  error  will  be  positive  1 (i.e.,  a positive 
correction  is  required  — remember  set-point  is  0 VDC). 

The  error  is  multiplied  by  the  gain  of  the  proportional 
block.  Notice  that  the  block  diagram  shows  this  as  a 
negative  gain.  This  was  done  so  that  the  block  diagram  and 
the  schematic  (presented  later)  will  be  consistent  with  each 
other.  The  proportional  amplifier  output  is  sent  to  the  sec- 
ond summing  junction,  where  the  sign  is  again  inverted.  The 
amplifier  boots  the  signal’s  current  and  drives  the  motor. 

This  chain  gets  to  be  quite  long,  so  let’s  summarize 
proportional  operation  in  a few  simple  sentences: 

1.  An  error  must  be  present! 

2.  The  system  will  try  to  correct  the  error  by  turning  the 
motor  in  a direction  that  opposes  the  error. 

3.  The  intensity  of  the  correction  is  determined  by  propor- 
tional gain.  If  there  is  no  error,  there  is  no  proportional  drive. 


Moving  on  to  inte- 
gral — the  integral  is  a 
device  that  charges  a 
capacitor  over  a period 
of  time.  Recall  the 
example  of  the  audio 
amplifier.  In  that  appli- 
cation, the  integrator 
accumulated  the  DC 
output  of  the  amplifier 
over  time.  It  then 
rebiased  the  amplifier 
to  eliminate  the  DC 


68 


JANUARY  2005 


error.  In  the  circuit  in  Figure  7,  the  integrator  is  performing 
the  same  task.  It  is  integrating  the  error.  It  then  provides  a 
correction  signal  to  the  motor.  We  can  summarize  integral 
action  in  a few  sentences: 

1.  An  error  must  be  present! 

2.  The  integral  section  accumulates  the  error.  A small  error 
can  become  a large  correction  over  a period  of  time. 

3.  As  the  error  is  accumulated,  the  motor  is  forced  to 
correct  the  error. 

4.  Finally,  the  integrator  will  overshoot  the  set-point.  It  must 
produce  an  error  opposite  of  the  original  in  order  to 
discharge  the  capacitor. 

The  final  PID  component  is  the  derivative.  Recall  that 
the  output  of  the  differentiator  was  proportional  to  the 
slope  of  a wave.  The  same  type  of  action  is  occurring  in 
this  circuit.  When  the  motor  starts  to  turn,  the  voltage 
measured  by  the  resistor  will  be  increasing  or  decreasing. 
If  we  have  a voltage  changing  over  a period  of  time,  we 
have  a ramp!  The  slope  of  this  ramp  changes  with  the 
speed  of  the  motor.  If  the  motor  is  going  fast,  the  slope  is 
high  (i.e.,  voltage  is  changing  fast  for  a given  amount  of 
time).  Consequently,  the  output  of  the  derivative  stage  will 
be  high.  The  differentiator  has  the  following  attributes: 

1.  The  motor  must  be  moving! 

2.  The  differentiator  will  have  a high  output  voltage  when 
the  motor  is  moving  fast  and  a low  voltage  when  the  motor 
is  moving  slow. 

3.  This  signal  is  applied  in  such  a way  as  to  slow  down  the 
motor. 

4.  If  the  motor  is  not  moving,  the  differentiator  has  0 
output  voltage. 

The  connections  for  the  differentiator  are  different  than 
the  proportional  and  integral  sections.  The  differentiator 
receives  its  input  directly  from  the  resistor.  It,  therefore,  meas- 
ures only  the  speed  at  which  the  motor  is  moving.  It  does  not 
care  about  the  set-point.  This  is  done  to  prevent  large 
derivative  drive  signals  when  the  set-point  is  changed.  Again, 
the  differentiator  only  responds  to  the  speed  of  the  motor. 

Schematic 

Figure  8 contains  a simplified  schematic  of  a servo 
motor  PID  control  system.  This  schematic  is  an  adaptation 
of  the  PID  controller  presented  by  Professor  Jacob  in  his 
book,  Industrial  Control  Electronics.  This  type  of  system 
has  the  advantage  of  easy  tuning.  This  circuit  is  also 
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simple  and  easy  to  construct. 

The  schematic  has  the  same 
physical  layout  as  the  block  diagram. 
Op-amp  CJ 1 is  used  as  the  summing 
junction  for  the  set-point  and  measured 
motor  position.  The  individual  P,  I, 
and  D functions  are  implemented  by 
CJ2,  U3,  and  U4,  respectively.  Finally, 
op-amp  CJ5  sums  the  individual  PID 
terms.  The  P and  I terms  are  inverted, 


while  the  D term  is  not.  Darlington 
transistors  have  been  added  to  U5  to 
boost  the  current  to  a level  sufficient 
to  drive  the  motor. 

The  individual  P,  I,  and  D compo- 
nents appear  just  as  they  were 
presented  earlier  in  this  article.  Each 
of  the  terms  has  a variable  resistor 
to  adjust  its  gains.  The  adjustment 
(tuning)  of  this  circuit  is  the  topic  for 
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the  next  installment. 

Component  selection  for  this  circuit 
is  not  critical.  The  variable  resistors 
should  be  multiturn  for  ease  of  adjust- 
ment. General-purpose  op-amps  may 
be  used;  however,  U3  should  be  a FET 
input  type.  The  FET  design  is  better 
for  the  integrator,  since  it  will  not 
self-charge  the  integrator  capacitor.  I 
found  a quad  op-amp  — such  as  the 
LF347N  — to  be  ideal  for  this  applica- 
tion. Large  capacitors  are  required  for 
the  integrator  and  derivative  circuits. 
The  large  values  necessitate  that 
electrolytic  capacitors  be  used.  The 
electrolytic  capacitor  may  be  operated 
as  a non-polarized  capacitor  by 
placing  two  capacitors  in  series,  as 
shown  in  the  schematic. 

A full  schematic  will  appear  in 
next  month’s  installment.  You  may 
download  the  CAD  files  (in  Eagle) 
from  the  Nuts  & Volts  website  at 
www.nutsvolts.com 

Testing 

Before  we  can  test  the  PID  circuit, 
we  need  to  know  more  about  the 
mechanical  system.  We  need  to  know 
how  it  responds  to  a command  and 
how  the  individual  P,  I,  and  D terms 
interact.  You  will  have  to  be  patient 
and  wait  for  next  month’s  installment. 
In  the  meantime,  go  ahead  and 
breadboard  the  circuit.  You  can  use  a 
function  generator  to  verify  the  indi- 
vidual stages.  See  how  the  individual 
stages  respond  to  sine,  square,  and 
triangle  waveforms.  Remember  to  use 
a low  frequency  — less  than  10  Hz. 
This  frequency  is  approximately  the 
same  as  the  servo  motor  system. 

Stay  tuned;  next  month,  we  will 
learn  how  to  tune  the  PID  controller.  We 
will  add  additional  circuitry  to  prevent  a 
condition  called  integral  wind-up.  Also, 
keep  a lookout  for  installment  three, 
where  we  will  implement  the  PID  on  a 
ZILOG  Encore!  microcontroller. 
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The  Internet  has  transformed 

business  in  a very  profound  way.  Similar  to  the  impact 
of  the  Industrial  Revolution,  the  Internet  has  generated 
tremendous  opportunities  for  growth  and  expansion.  It  has 
created  an  entirely  new  way  of  thinking  about  the  concept 
of  business.  Companies  that  have  embraced  the  Internet 
and  online  e-commerce  can  efficiently  target  new 
customers  and  markets  in  a more  proficient 
manner,  which  — in  turn  — creates  a new 
paradigm  for  company  strategy 
and  focus. 

The  Internet  has 
breathed 


new  life  into  traditional  business 
models.  For  example,  “I’ll  call  you,”  has 
been  replaced  by,  “I’ll  Email  you.” 
Traditional  business  calls  and  company  visits 
have  been  replaced  by  Email  correspondence  or 
virtual  conferencing.  Company  brochures  have  been 
transformed  into  corporate  websites.  These  changes  show 
the  dramatic  impact  the  Internet  has  made  on  business 
today. 

One  area  that  has  been  revolutionized  lately  is  the 
printed  circuit  board  industry.  This  article  will  examine  the 
Internet’s  impact  on  the  circuit  board  industry,  the  transfor- 
mation of  the  buying  process,  and  what  it  means  for  the 
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future  of  circuit  board  production. 

Impact  on  the  Circuit  Board 
Industry 

In  the  field  of  circuit  boards,  the  Internet  has  created 
an  explosive  proliferation  on  the  traditional  concept  of 
the  quote  and  order  process.  Customization  of  board 
specifications  has  made  it  difficult  to  standardize  this 
industry.  The  evolution  of  the  ordering  process  demon- 
strates the  Internet’s  impact  based  on  consumer 
demand: 

Face-to-face  =>  Telephone  =>  Faxing  =>  Email  (RFQ)  => 
Online  Quoting 

All  of  the  above  remain  important  aspects,  but 
online  quoting  (e-commerce)  is  the  one  that  has 
become  the  most  beneficial  to  consumers.  The  ability  to 
generate  quotes  and  evaluate  parameters  online  has 
created  a shift  in  control  of  the  buying  process  from  the 
supplier  to  the  consumer.  It  is  also  important  to  note  that 
this  evolution  has  also  granted  consumers  more  control 
while  reducing  the  level  and  time  of  interaction  with 
suppliers. 

E-commerce  has  forced  companies  to  reinvent  tradi- 
tional business  practices  and  adopt  new,  consumer- 
focused  strategies  to  compete  online.  According  to 
e-commerce  research,  the  most  successful  online 
companies  provide  consumers  with  all  of  the  following: 

• Save  the  consumer  money  (or  provide  the  best  value). 

• Save  the  consumer  time  and  effort. 

• Offer  a unique  product  or  service. 

• Offer  a unique  buying  experience. 

Before  the  Internet,  suppliers  did  not  concentrate  on 
these  concepts.  They  relied  heavily  on  their  ability  to 
provide  a competitive  advantage  through  a combination 
of  a company’s  ability  to  effectively  compete  on  quality, 
price,  and  delivery  of  goods.  It  was  the  consumer’s 
responsibility  to  seek  out  and  obtain  quotes  from  several 
suppliers,  evaluate  services,  and  obtain  the  best  value 
(which  usually  meant  the  best  price).  Since  this  was 
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EPic  Design  Company  — www.epicdesignco.com 

ExpressPCB  — www.expresspcb.com 

Micromint  — www.micromint.com 

PCB  1 23  — www.pcbl23.com 

PCBexpress  — www.pcbexpress.com 

Pulsar,  Inc.  — http://home.flash.net/~yogii 

R4Systems  — www.labceneter-electronics.com 

V & V Machinery  and  Equipment  — www.vandvmachy.com 
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usually  a long  and  tedious  process,  most  consumers 
remained  loyal  to  a few  suppliers  to  avoid  repeating  this 
hassle  every  time  a quote  was  required. 

The  Internet  has  transformed  this  long-established 
method  for  ordering  circuit  boards  — to  the  benefit  of 
the  consumer. 

Nowadays,  consumers  can  search  the  Internet 
and  obtain  several  quotes  from  many  circuit  board 
manufacturers  with  minimal  contact  or  interaction  with 
those  companies.  The  time  and  effort  saved  through 
online  comparison  has  provided  consumers  with  a 
greater  flexibility  in  their  choice  of  suppliers.  As  a result, 
companies  are  reinventing  conventional  ways  to 
compete  for  consumer  business.  Suppliers  are  not  only 
doing  more  and  making  their  products  more  appealing, 
but  are  also  making  the  method  of  ordering  those 
products  more  convenient. 

The  Transformation  of  the 
Circuit  Board  Buying  Process 

Due  to  the  uniqueness  and  complexity  of  the  circuit 
board  industry,  consumers  have  traditionally  relied  on 
interaction  with  suppliers  during  the  buying  process. 
Even  simple  circuit  boards  required  that  many  specifica- 
tions and  factors  be  taken  into  consideration.  The  Internet 
has  leveled  the  playing  field  between  consumers  and 
suppliers  by  making  the  buying  process  available  online 
(e-commerce). 

The  buying  process  has  undergone  an  enormous 
transformation  that  has  provided  both  advantages 
and  disadvantages  to  consumers  and  suppliers.  As 
suppliers  continue  to  incorporate  Internet  strategies  into 
their  business  models,  consumers  will  benefit  in  a 
variety  of  ways.  For  example,  the  ability  for  consumers 
to  generate  online,  instant  quotes  provides  the  following 
advantages: 

• Significant  time  reduction  of  the  quote  process. 

• Ability  to  change  requirements  and  evaluate  their  effects 
in  real  time. 

• Eliminates  back  and  forth  hassle  of  traditional  quoting. 

• Time,  involvement,  and  interaction  is  decided  by 
customer. 

• Levels  the  playing  field  for  consumers. 

Suppliers  also  benefit  from  developing  an  online 
presence.  The  Internet  provides  an  entirely  new  business 
medium  from  which  companies  can  develop  larger  and 
varied  markets,  as  well  as  attract  new  and  unrealized 
customers.  It  makes  the  company  more  accessible  and 
provides  a means  to  address  focused  messages  to  target 
consumers.  The  Internet  provides  accessibility  24  hours  a 
day,  seven  days  a week  to  consumers  — both  domestic 
and  international.  The  potential  for  growth  is  limitless, 
which  should  be  very  appealing  to  smaller  or  specialized 
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suppliers.  The  following  analogy  puts  these  ideas  into 
perspective: 

The  Internet  is  like  a new  interstate  highway, 
where  traffic  passes  by  on  a continual  basis.  The  goal 
for  companies  is  to  make  that  flowing  traffic  stop  and 
buy.  Websites  and  Internet  strategies  provide  the 
roadside  storefronts  and  exit  ramps  from  which  these 
goals  can  be  achieved. 

What  Does  This  Mean  for  the 
Future  of  Circuit  Board 
Production! 

Circuit  board  suppliers  will  continually  streamline 
processes  to  drive  down  costs.  Suppliers  should  hone  in  on 
the  manufacturing  capabilities  they  do  best  and  streamline 
those  processes.  This  will  continue  to  drive  down  prices, 
while  maintaining  quality  levels. 

The  Internet  provides  a level  playing  field  for  smaller 
board  shops  to  compete  with  larger  ones.  Smaller  board 
shops  will  focus  on  more  concentrated  product  offerings, 
based  on  limited  manufacturing  capabilities.  As  more 
circuit  board  suppliers  — both  large  and  small  — adopt 
online  strategies,  distinct  product  offering  and  categories 
will  begin  to  emerge. 

Consumers  will  have  a greater  variety  of  choice  and 
options.  As  a result,  consumers  may  not  remain  loyal  as 
comparison  shopping  becomes  much  easier.  Consumers 
will  be  able  to  first  sort  through  what  services  they  need 
and  then  compare  between  suppliers  who  offer  the 
specific  services  or  specifications  required. 

Finally,  will  this  online  evolution  bring  about  the 
elimination  of  traditional  face-to-face  customer  service?  Not 
at  all,  since  there  will  always  be  consumers  who  prefer 
human  interaction.  Offline  interaction  will  decrease,  but 
it  will  evolve  into  more  of  a complimentary  method  for 
ordering  when  problems  and  questions  arise  that  cannot  be 
accommodated  through  the  online  buying  process. 

However,  consumers  will  continue  to  increase 
their  use  of  online  purchasing  as  long  as  the  buying 
experience  remains  beneficial,  providing  lower  cost 
products  and  processes  while  remaining  easier,  faster, 
and  hassle-free.  NV 


About  the  Author 


Robert  Schnyder  is  the  Marketing  Manager  for  he  Circuit  Board 
Division  of  ECD,  Inc.  He  can  be  reached  at  robert.schnyder@ecd.com 
For  circuit  board  designs,  the  company  offers  three  options  to 
consumers:  PCBexpress.com  provides  low  cost,  prototype  pricing  with 
set  parameters  and  product  features.  PCBpro.com  was  created  to 
provide  more  flexibility  by  allowing  consumers  to  generate  online 
quotes  based  on  a variety  of  options  and  purchase  boards  online. 
PCBI23.com  is  free  design  software  that  provides  schematic  and 
layout  design  functionality. 
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Schematic  and  PCB  Layout 


The  Complete  Electronics  Design  System 


Schematic  / h : 

j PCB 

kjssszJ  ' 

Layout 

• Powerful  and  flexible  schematic  capture. 

• Auto-component  placement. 

• Rip/entry  PCB  routing. 

• Polygonal  gridless  ground  planes. 

• Library  of  over  8000  schematic  and  1 000  PCB  foot  prints. 

• Bill  of  materials,  DRC  reports  and  more. 


Mixed  Mode  SPICE  Circuit  Simulation 


• Berkeley  SPICE3F5  simulator  with  custom  extensions  for  true 
mixed  mode  and  interactive  simulation. 

• Six  virtual  instruments  and  14  graph  based  analysis  types. 

• 6,000  models  including  TTL,  CMOS  and  PLD  digital  parts. 

• Fully  compatible  with  manufacturers'  SPICE  models. 


Proteus  VSM  - Co-simulation  & debugging  for  popular  Micro-Controllers 


• Supports  PIC16  & PIC12,  AVR,8051,  HC11  and  ARM  micro-controllers. 

• Co-simulate  target  firmware  with  your  hardware  design. 

• Includes  interactive  peripheral  models  for  LED  and  LCD  displays, 
switches,  keypads,  virtual  terminal  and  much,  much  more. 

• Provides  source  level  debugging  for  popular  compilers  and 
assemblers  from  HiTech  PICC,  Crownhill,  IAR,  Keil  and  others. 


Microchip  PIC  18 


• Supported  models  of  the  PIC  18  includes  PIC18F242,  PIC18F252, 
PIC18F442,  PIC18F452,  PIC18F248,  PIC18F258,  PIC18F448  and 
PIC18F458. 


Basic  Stamp  BS 1 and  BS2 


• Proteus  VSM  for  BASIC  Stamp  contains  everything  you  need  to 
develop  and  simulate  designs  based  around  the  BASIC  Stamp. 

• See  examples  in  downloadable  Demo  at 
www.labcenter-electronics.com 


7 finished  my  first  design,  schematic  and  PCB  in  one  day." 

"What  a great  tool!  I love  it. " DAN  GILL 

"For  the  cost  of  the  software  compared  to  the  productivity  gains,  I consider  Proteus  to  be 
pivotal  in  the  commercial  viability  of  my  company  and  by  far  represents  the  best  value 
for  money  of  anything  Tempus  possesses."  ROB  YOUNGS,  Tempus  Consulting 

"PROTEUS  stands  out  as  the  best  all-round  program  in  this  review.  Other  programs 
reviewed  have  strengths  in  the  pcb  design  process,  Proteus  maintains  a constant  high 
level  of  capability  throughout.  Whether  a schematic,  user-friendly  interactive  routing, 
configurable  autoplacing,  competent  autorouteing,  or  a combination  of  the  above, 
PROTEUS  handles  everything  very  well."  Electronic  & Wireless  World  CAD  Review  Roundup 


Save  Time.  Save  Money. 

Proteus  Starter  Kit -$199  • Full  System  - $1899 
"This  is  clearly  superior  in  every  respect." 

JMsystems  inc  |abcenCen 

Electronics 

WWW.labcenter-electroniCS.com  Tel:  905*898»0665  info@r4systems.com 
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News  Bytes 


King’s  Bishop  to  RF 


When  life-long  hobbyist  Tom  Van  Baak’s  son  displayed 
an  interest  in  chess  instead  of  circuitry,  hacking,  or 
programming,  they  found  an  interesting  way  to  combine 
their  interests.  Tom  — a software  engineer  by  profession 
and  an  ultra-precise  time  hobbyist  on  the  weekends  — 
extended  his  building  to  a unique  chess  set. 

Like  all  diligent  hobbyists,  he  has  an  extensive  collec- 
tion of  assorted  finds  from  eBay  and  the  Nuts  & Volts 
Classifieds  section.  Over  the  years,  his  accumulation  of  RF 


EARN  YOUR 

B.S.E.E. 
DEGREE 

THROUGH  HOME  STUDY 
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Our  Highly  Effective  Advanced-Placement  Program  for  experienced 
Electronic  Technicians  grants  credit  for  previous  Schooling  and 
Professional  Experience,  and  can  greatly  reduce  the  time  required 
to  com-plete  the  program  and  reach  graduation.  No  residence 
schooling  required  for  qualified  Electronic  Technicians.  Through  our 
Special  Program  you  can  pull  all  of  the  loose  ends  of  your 
electronics  background  together  and  earn  your  B.S.E.E.  Degree. 
Upgrade  your  status  and  pay  to  the  engineering  level.  Advance 
rapidly!  Many  finish  in  12  months  or  less!  Students  and  graduates  in 
all  50  states  and  throughout  the  world!  Established  Over  50  Years! 
Write  or  call  for  free  Descriptive  Literature.  (601 ) 371-1351 


COOK'S  INSTITUTE 

OF  ELECTRONICS  ENGINEERING 

^liP  4251  CYPRESS  DRIVE,  JACKSON,  MISSISSIPPI  39212 
Will  .FAX:  (601)  371-2619 

Visit  us  TODAY  on  the  World  Wide  Web  at  http://wwwxooks.edu 
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connections  grew  large  enough  that  he  was  able  to 
construct  this  complete  set  of  chess  pieces  for  his  son. 
The  pieces  — which  are  gold  and  silver  plated,  respectively 
— are  combinations  of  BNC,  SMA,  N,  AFC7,  F,  and 
CJHF  connectors  and  various  elbows.  The  pawns  are  50  Q 
terminators.  Tom’s  detail  extended  to  the  kings  and 
queens,  which  are  gender-accurate;  male  and  female  SMA 
connectors  are  mated  with  larger  N connectors  to  make 
those  pieces. 

The  set  might  be  a bit  removed  from  his  interests  in 
atomic  clocks,  WWVB,  GFS,  picoseconds,  and  the  like,  but 
Tom  and  his  son  have  a beautiful  piece  of  electronics- 
inspired  art  to  use  when  they  while  away  those  father-son 
times! 

Learn  more  about  this  project,  along  with  Tom’s 
elaborate  atomic  clock  museum  and  home  timing  lab,  at 
www.LeapSecond.com  or  reach  Tom  via  Email  at 
tvb@LeapSecond.com 


Da  Vinci  Decoding 

A Dartmouth  College  team  has  developed  a set  of 
software  tools  that  can  determine  the  true  artist  of  a 
painting,  print,  or  drawing.  As  many  pieces  of  art  were 
done  on  a “class  project”  basis,  the  artist  attributed  to  a 
work  often  only  painted  a portion  of  the  image,  with 
students  filling  in  secondary  forms,  backgrounds,  and 
details.  Additionally,  many  famous  works  of  art  have  had 
their  creators  questioned  for  decades  or  more. 

The  software  analyzes  various  attributes  of  the  artist’s 
brush  or  pen  stroke  and  statistically  analyzes  them  and 
any  inconsistencies  in  a work  to  validate  or  refute  the 
authenticity  of  the  piece.  Although  this  may  seem 
far-fetched,  the  practice  is  well-established  in  other  fields, 
such  as  signature  authentication. 

“We’ve  been  able  to  mathematically  capture  certain 
subtle  characteristics  of  an  artist’s  work  that  are  not  neces- 
sarily visible  to  the  human  eye.  We  expect  this  technique  — 
in  collaboration  with  existing  physical  authentication  — to 
play  an  important  role  in  the  field  of  art  authentication. 

“What’s  remarkable  is  not  only  that  the  mathematics 
confirms  the  expert  opinion,  but  that  — conversely  — the 
true  connoisseur  is  able  to  see  similarities  in  detail  in  the 
body  of  an  artist’s  works  that  is  extracted  by  relatively 
sophisticated  techniques,”  said  Daniel  Rockmore, 
Professor  of  Mathematics  and  Computer  Science. 

The  software,  which  requires  an  enormous  negative  — 
8”  x 10”,  to  be  exact  — that  must  be  digitized  at  16,852  x 
18,204  pixels,  has  already  supported  the  long-held  belief 
that  Perugino’s  “Madonna  With  Child,”  which  resides  in 
Dartmouth’s  own  Hood  Museum,  is  not  entirely  the  artist’s 
work,  but  includes  the  efforts  of  at  least  four  other  painters. 
In  addition,  of  13  Bruegel  drawings  from  the  Metropolitan 
Museum  of  Art  in  New  York  City,  only  eight  were  deter- 
mined to  be  authentic. 
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Elenco  Digital  Multimeters 


Elenco  Snap  Circuits'1 


Model  M-1750 


11  Functions: 

• Freq.  to  20MHz 

• Cap.  to  20pF 

• AC/DC  Voltage 

• AC/DC  Current 

• Beeper 

• Diode  Test 

• Transistor  Test 

• Meets  UL-1244 
safety  specs. 


Model  LCM-1950 


Large  1”  3 3/4  Digit 
LCD 

Autoranging  Freq. 
to  4MHz 
Cap.  to  400pF 
Inductance  to  40H 
Res.  to  4.000MQ 
Logic  Test 
Diode  & Transistor 
Test 

Audible  Continuity 


Model  M-2795 

$/l/l  95 


• AC/DC  voltage 

• Current 
(10A  max.) 


Test  Equipment 


Elenco’s  new  Snap  Circuits™  make  learning  electronics  fun  and  easy.  Just  follow 
the  colorful  pictures  in  our  manual  and  build  exciting  projects,  such  as:  FM  radios, 
digital  voice  recorders,  AM  radios,  burglar  alarms,  doorbells,  and  much  more!  You 
can  even  play  electronic  games  with  your  friends.  All  parts  are  mounted  on  plastic 
modules  and  snap  together  with  ease.  Enjoy  hours  of  educational  fun  while 
learning  about  electronics.  No  tools  required.  Uses  “AA”  batteries. 

6 versions  available. 

Build  up  to  750  projects! 

As  low  as  $29.95 


F-2850  E,enco  Handheld  Frequency  Counters 
10Hz -3GHz 
Models  F-2800  & F-2850 

10  digit  display 
16-segment  RSSI  bargraph 
Resolution  to  0.1Hz 
(F-2850) 

Resolution  to  1 Hz  (F-2800) 

Selectable  gatetime  (F-2850) 


• Hi-speed  (300MHz)  direct 
count 

• Includes  NiCd  charger  and 
antenna 


F-2800 $99 

F-2850 $185 


Create 
Your  Own 
Exciting  Experiments 


Elenco  Quad  Power  Supply 
Model  XP-581 

4 Fully  Regulated  Power  Supplies  in  1 Unit 


r 
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4 DC  Voltages:  3 fixed;  + 5V  @ 3A,  +12V  @ 1A, 

1 variable;  2.5  - 20V  @ 2A  • Fully  regulated  & short 
protected  • Voltage  & current  meters  • All  metal  case 


Elenco  Oscilloscopes 

Free  Dust  Cover  and  xl,  x2  Probes 

2 year  warranty 


I *299 

'"34325  25MHZ 


S-1330  25MHz  Delayed  Sweep 
S-1340  40MHz  Dual  Trace 
S-1345  40MHz  Delayed  Sweep 
S-1360  60MHz  Delayed  Sweep 
S-1390  100MHz  Delayed  Sweep 


Elenco  RF  Tracer  1MHz  - 3GHz 


*195 


• Pocket-size,  easy-to-us 
» Speaker/earphone/vibrate  alerts 
> 5-segment  RSSI  bargraph 

» Low  power  consumption 

• Includes  NiCd,  charger, 
and  antenna 

• Tells  you  if  your  room  is  bugged. 


Models  Available 

SC-750  - Extreme  Version,  contains  over  80  parts  to  build  over  750  experiments.  Includes  everything  from  SC-500 

plus  experiments  in  solar,  electromagnetism,  vibration  switches,  and  70  computer  interfaced  experiments...  $119.95 

SC-500  - Pro  Version,  contains  over  75  parts  including  voice  recording  1C,  FM  radio  module,  analog  meter,  transformer, 

relay,  and  7-segment  LED  display.  Build  over  500  experiments 

SC-300S  - Deluxe  Version,  contains  over  60  parts.  Build  over  300  experiments  plus  20  bonus 

computer  interfaced  experiments $74.95 

SC-300  - Standard  Version,  same  as  SC-300S,  but  without  bonus  experiments $59.95 

SC-100  - Snap  Circuits,  Jr.,  contains  over  30  parts.  Build  over  100  experiments 


..$89.95 


..$29.95 


Elenco  5MHz  Sweep  Function 
Generator  w / built-in  60MHz 
Frequency  Counter 
Model  GF-8056 

□ 4*9  9 « 9 j 

— $225 


Generates  square,  triangle,  and  sine  waveforms, 
and  TTL,  CMOS  pulse. 

GF-8046  - 3MHz  w/  counter  $199 
GF-8025  - without  counter  $99.95 


iBOTZ  Hydrazoid  Kit 
Model  MR-1004 

Walks  and 
makes  sounds 


$29.95 

non-soldering 


Elenco  Educational  Kits 


Model  21-880 

Line  Tracking  Mouse  Kit 

$25.95 


Model  RCC-7K 

Radio  Control  Car  Kit 

7 Functions  $27 


AK-870 

(non-soldering)’ 

$27.95 


Model  AM-780K 

Two  1C  Radio  Kit 


>: 


$g  9! 


Model  M-1006K 

DMM  Kit 

• 18  Ranges 

• 3 1/2  Digit  LCD 

• Transistor  Test 

• Diode  Test 

*1 8.95 
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Model  AK-700 

Pulse/Tone 
Telephone  Kit 
/Flashing  Neon  Lights 
n Great  School  Project 

95 


$14, 


Model  K4001 

t 7W  Amplifier 


$12  9i 


Deluxe  Soldering  Irons 


Electronic  Science  Lab 


$ 


Elenco  4-Functions-in-1  Instrument 

Model  MX-9300B 


495 


Ideal  for  labs,  production  lines,  R&D 
and  hobbyists! 

Sweep  Function  Generator 

• 0.2Hz  to  2MHz 

• Sine,  square,  triangle,  skewed 
sine,  ramp,  pulse,  TTL  level  square 

• VCF  voltage  0 to  10VDC 

Digital  Triple  Power  Supply 


* Output  #1 

* Output  #2 

* Output  #3 


0-30VDC,  up  to  2A 
5VDC,  up  to  2A 
15VDC,  up  to  1 A 


Digital  Multimeter 

• 400mV  - 400V  AC/DC 

• 20A  max.  AC/DC  current 

• Resistance  to  40MQ 

Frequency  Counter 

• 1Hz  to  2.7GHz 

• 7-digit  display 

• Selectable  time  base 


Weller®  Low  Cost 
Soldering  Iron 

Model  WLC100 


• Variable  power  control  produces  5-40 
watts. 

• Ideal  for  hobbyists,  DIYers  and  students. 

• Complete  with  40W  iron. 


Maxitronix  500-in-1  Electronic  Project  Lab 

Model  MX-909 

Everything  you  need  to  build  500  exciting  projects! 

• Learn  the  basics  of  electronics.  500 
different  electronic  experiments,  special  | 
lighting  effects,  radio  transmitter  and  I 
receivers,  sound  effects,  cool  games  and  I 
MORE 

• Includes  built-in  breadboard  and  an  LCD. 

• Explore  amplifiers,  analog  and  digital 
circuits  plus  how  to  read  schematic 
diagrams. 

• Includes  1 1 parts. 

• Lab-style  manual  included. 

• Requires  6 “AA”  batteries. 


MX-908  - 300-in-1  Lab  $69.95 
MX-907  - 200-in-1  Lab  $49.95 
MX-906-  130-in- 1 Lab  $39.95  $ 

EP-50  - 50-in-1  Lab  $18.95 


175 


Guaranteed  Lowest  Prices 

UPS  SHIPPING:  48  STATES  7%  (Minimum  $7.00) 
OTHERS  CALL  FOR  DETAILS 
IL  Residents  add  8.5%  Sales  Tax 

SEE  US  ON  THE  WEB 


C&S  SALES,  INC. 

150  W.  CARPENTER  AVENUE 
WHEELING,  IL  60090 
FAX:  (847)  541-9904  (847)  541-0710 

http://www.cs-sales.com 


15  DAY  MONEY  BACK  GUARANTEE 
”1  2 YEAR  FACTORY  WARRANTY 


PRICES  SUBJECT  TO  CHANGE  WITHOUT  NOTICE 
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Stamp 


by  Jon  Williams 


Putting  the  Spotlight  on  BASIC  Stamp  Projects,  Hints,  and  Tips 

Stamp  Applications 

Tinning  Is  Everything 


The  dreaded  “I”  word  ...  yes, 
everybody  talks  about  it  ...  there’s 
lots  of  bloviating  about  it  ...  but 
what  can  we  actually  do  with  inter- 
rupts.? Well,  quite  a lot,  actually  — 
if  we’re  patient  and  work  carefully. 
Thankfully,  SX/B  makes  interrupt 
programming  more  manageable 
than  we  thought  it  could  be. 

It  wasn’t  very  long  after  the  BASIC  Stamp  and  other 
BASIC  language  microcontrollers  appeared  that 
advanced  users  started  asking  about  using  interrupts. 
Well,  neither  the  BASIC  Stamp  family  nor  — to  my  knowl- 
edge — any  of  the  micros  in  the  same  class  supports  true 
interrupts;  it’s  just  not  practical  in  Basic  and  I’m  about  to 
explain  why.  Please,  please,  please  ...  don’t  fill  my  Email 
basket  with  flame  mail  telling  me  that  your  favorite  Basic 
language  controller  does  do  interrupts;  let  me  qualify  my 
statement. 

Let’s  back  up  a bit  for  those  who  may  be  a bit  new. 
An  interrupt  is  just  that:  an  event  or  condition  that 
suspends  (interrupts)  a program,  forces  the  code  into  a 
special  section  (usually  called  an  ISR,  for  Interrupt 
Service  Routine),  then  goes  back  to  what  it  was  doing 
when  the  interrupt  occurred.  Sounds  pretty  simple  and 
straightforward,  right?  Well,  not  quite. 

Here’s  why  the  BASIC  Stamp  and  similar  microcon- 
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trollers  don’t  support  true  interrupts  (as  I just  described): 
What  happens  if  we’re  doing  a bit-bang  serial  input  (as 
most  micros  in  the  BASIC  Stamp  class  do)  and  we  get  an 
interrupt?  Well,  if  we  process  the  interrupt,  our  serial 
timing  is  going  to  get  trashed  and  we  will  corrupt  the  data 
— this  could  lead  to  a very  big  problem.  The  same  prob- 
lem holds  true  for  any  time-oriented  function  — things  like 
SERIN,  SEROUT,  PULSIN,  PULSOUT,  PAUSE,  OWIN, 
OWOUT,  etc.  You  get  the  idea. 

How  is  this  handled,  then?  Well,  the  BS2p  family  has 
the  ability  to  do  what  is  called  “pin  polling.”  When 
enabled,  the  BASIC  Stamp  2p  will  check  pin  states  in 
between  high  level  instructions  and  act  in  accordance 
with  the  polling  set  up  configuration  (there  are  several 
options).  This  pseudo-interrupt  process  can  be  very 
useful.  Now,  I realize  that  some  Basic  language  micro- 
controllers use  hardware  CJARTs  and  timers  and  this 
does  help  alleviate  the  interrupt  issue  I just  described. 
That  said,  the  use  of  internal  hardware  occasionally 
limits  design  flexibility  as  specific  I/O  points  on  the 
micro  are  required.  I’m  not  saying  that  any  of  this  is  bad 
...  it  just  is. 

Give  Me  an  “I” 


Okay,  now  that  you  know  why  the  BASIC  Stamp 
doesn’t  support  true  interrupts,  what  about  SX/B?  For 
those  of  you  who  have  checked  it  out,  you’ve  no  doubt 
seen  that  there  is  indeed  interrupt  support.  Yes,  I’m  going 
to  show  you  how  to  use  one  type  of  interrupt  this  month 
— and  to  do  two  things  with  it:  receive  and  buffer  serial 
data  (coming  from  a BASIC  Stamp  host)  and  to  multiplex 
an  eight-digit,  seven-segment  LED  display. 

The  warnings  I gave  about  interrupts  above  apply  to 
SX/B  — the  difference  is  that  SX/B  allows  interrupts  any 
time  you  configure  them.  So,  if  you’re  going  to  be  using 
interrupts  in  an  SX/B  program,  you  should  not  be  using 
any  of  the  time  oriented  functions  I mentioned  earlier 
(note  that  SX/B  does  not  have  the  one-wire  commands  of 
the  BS2p). 

As  this  is  going  to  be  a bit  of  a ride,  let’s  get  right  to 
it.  I was  in  my  favorite  store  the  other  day  (yes,  Tanner 
Electronics  in  Dallas,  TX)  and  found  a surplus  eight- 
digit, seven-segment  LED  display  that  cost  $1.00;  that’s 
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right,  $1.00.  How  could  I not  buy  it?  The  question  now 
was  control.  It’s  a common-cathode  display,  which 
means  that  the  segment  anodes  for  all  eight  digits  are 
tied  together.  The  only  way  to  use  such  a display  properly 
is  with  a multiplexing  controller.  Of  course,  I could  use 
a MAX7219,  but  they’re  not  cheap  or  easy  to  find 
anymore.  Why  not  roll  up  my  sleeves  and  create  my 
own  controller? 

The  idea  was  to  create  a serial  LED  controller  that  is 
AppMod  protocol  compatible  — which  means  it  could  be 
controlled  from  one  BASIC  Stamp  pin  and  can  even  share 
that  pin  with  the  line  follower  we  created  last  month.  While 
this  seems  to  be  a simple  task  on  the  surface,  it  does 
present  a serious  challenge. 

To  use  the  display  properly,  each  active  digit  has  to  be 
refreshed  at  a regular  rate.  If  we  weren’t  doing  anything 
else  and  the  display  was  static,  we  could  handle  this  in  a 
program  loop  — especially  in  a compiled  language  like 
SX/B.  The  “problem”  is  that  we  want  to  be  able  to  receive 
and  buffer  serial  data  at  the  same  time.  What  this  means 
for  us,  then,  is  that  we  will  create  an  interrupt-driven 
program  that  multiplexes  the  display  and  handles  the 
serial  input. 

Bit-Bang  Serial  Interrupt  Style 

Take  a look  at  Figure  1;  this  shows  the  structure  of 
a serial  byte  in  True  (input  idle  state  is  high)  mode. 
The  stream  begins  with  a start  bit;  this  actually  lets  the 
receiver  sync  up  and  get  ready  for  the  incoming  data  bits, 
which  will  arrive  LSB  to  MSB.  At  the  end  of  the  stream  is 
a Stop  bit  period.  Cinder  non-interrupt  conditions,  the 
processor  will  simply  loop  until  the  serial  line  goes  low  to 
indicate  a start  bit.  A timer  is  set  for  1.5  bit  periods  so  that 
the  first  bit  is  sampled  in  the  middle  of  its  period.  After  that, 
the  timer  is  reloaded  with  the  bit  period  and  the  rest  of  the 
sampling  happens  in  a loop.  If  you  want  to  see  this  for 
yourself,  use  SERIN  in  an  SX/B  program  and  look  at  the 
assembly  code  that  gets  generated. 

In  our  project,  however,  we  can’t  sit  around  waiting  for 
the  bit  to  come  in,  as  we  have  to  update  the  display  period- 
ically. What  we  have  to  do  is  sample  the  serial  line  at  a rate 
that  will  let  us  accurately  capture  the  incoming  data.  So, 
how  fast  do  we  sample?  Well,  I actually  checked  with 
programmers  who  are  much  better  at  this  stuff  than  I am 
and  the  consensus  was  that  — when  doing  interrupt-driver 
serial  input  — one  should  sample  the  serial  line  at  least  four 
times  per  bit  period. 

Okay,  decision  time.  In  order  to  know  how  fast  to 
sample  the  serial  line,  we  need  to  know  what  baud  rate  we 
want  to  support.  For  this  project,  I decided  to  go  with  9600 
baud,  as  this  is  somewhat  standard  for  serial  accessories 
and  is  supported  by  most  micros.  Also,  if  we  can  sample 
at  9600  baud,  then  lower  baud  rates  will  be  no  problem; 
they’ll  simply  have  longer  bit  timing  periods. 

At  9600  baud,  the  bit  period  is  104  microseconds 
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(1/9600).  If  we  want  to  sample  four  times  per  bit  period,  we 
have  to  do  that  every  26  microseconds.  So,  that’s  our  first 
hurdle:  set  the  interrupt  so  that  it  activates  every  26 
microseconds. 

To  do  this,  we’re  going  program  the  SX  to  create  a 
periodic  interrupt  based  on  an  internal  value  called  the 
RTCC  (Real  Time  Clock/Counter).  This  eight-bit  value  can 
be  incremented  by  a change  of  state  on  an  external  pin  or 
by  the  oscillator  that  runs  the  SX.  Since  we  can  have  a 
range  of  speeds  to  run  the  SX,  we  also  have  the  ability  to 
divide  the  oscillator  frequency  before  sending  it  to  the 
RTCC.  This  is  called  the  prescaler  and  usually  comes  into 
play  when  we’re  running  the  SX  at  very  high  speeds  (e.g., 
50  MHz). 

For  this  project,  we’ll  run  at  4 MHz,  so  the  prescaler 
won’t  be  required.  What  we’ll  have  to  do  is  set  up  the 
OPTION  register  in  the  SX  to  enable  RTCC  updates  on  the 
internal  clock  without  being  divided  by  the  prescaler. 
Here’s  how: 

OPTION  = %10001000 

This  configuration  allows  RAM  address  $00  to  access 
the  RTCC  (bit  7=1)  enable  interrupt  when  the  RTCC 
rolls  over  to  zero  (bit  6=0),  increment  RTCC  on  internal 
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instruction  cycle  (bit  5=0),  and  set  the  divide  rate  for 
the  RTCC  to  1:1  (bit  3=1).  The  SX28  documentation 
(download  from  Ubicom  — www.ubicom.com)  goes  into 
all  the  details  of  the  OPTION  register. 

Okay,  now  that  we’ve  enabled  interrupts,  how  do  we 
make  that  happen  at  the  desired  interval  of  26  microsec- 
onds? Here’s  what  an  empty  ISR  block  looks  like  in  SX/B: 

INTERRUPT 
' ISR  code 
RETURNINT  104 

The  key  is  actually  at  the  end  — the  value  following 
RETURNINT.  This  tells  the  SX  how  many  cycles  to  run 
before  generating  an  interrupt.  How  then,  did  we  come 
up  with  104?  We  start  with  the  clock  frequency  of  our 
project:  4 MHz. 

At  this  rate,  each  instruction  cycle  takes  0.25 
microseconds.  Since  we  want  our  interrupt  to  trigger 
every  26  microseconds,  we  divide  the  instruction  cycle 
speed  into  that.  So,  26  divided  by  0.25  is  104.  This  works 
because  it  is  less  than  255  (the  maximum  value  of  the 
RTCC).  If  you’re  ever  doing  a project  where  your 
interrupt  cycles  calculate  to  greater  than  255,  you  either 
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have  to  reduce  the  oscillator  speed  or  enable  the  RTCC 
prescaler. 

At  this  point,  our  program  will  be  interrupted  every 
26  microseconds  — a rate  that  we’ve  determined  is 
fast  enough  to  sample  the  serial  input  line  enough  to 
accurately  capture  data  at  9600  baud  Okay,  let’s  do  it. 


ISR_Start : 

ASM 

BANK  $00 
MOVB  C,  Sin 
TEST  rxCount 
JNZ  RX_Bit 
MOV  W,  #9 
SC 

MOV  rxCount , W 

MOV  rxTimer,  #BitTml5 

RX_Bit : 

DJNZ  rxTimer,  Multiplex 
MOV  rxTimer,  #BitTm 
DEC  rxCount 
SZ 

RR  rxByte 
SZ 

JMP  Multiplex 

RX_Buffer : 

MOV  FSR,  #rxBuf 
ADD  FSR,  rxHead 
MOV  IND,  rxByte 
BANK  $00 
INC  rxHead 
CLRB  rxHead. 4 
ENDASM 


Even  though  SX/B  allows  high  level  code  in  the  ISR, 
we’re  not  going  to  do  that  for  the  serial  input.  Why  not? 
Well,  there  are  two  reasons:  With  assembly  language,  we 
can  be  a tiny  bit  more  code-efficient  and  — even  more 
importantly  — the  code  was  already  written  and  working, 
so  why  not  just  use  it? 

Let  me  pause  for  a second  and  suggest  that,  if  you’re 
serious  about  programming  the  SX,  you  should  consider 
the  books  that  Parallax  makes  available:  Exploring  the  SX 
Microcontroller  by  A1  Williams  (no,  we’re  not  related,  but 
he  lives  in  TX,  too)  and  Programming  the  SX 
Microcontroller  by  Guenther  Daubach.  Both  authors  are 
great  guys  and  very  active  in  the  Parallax  support  forums. 
You  can  get  an  SX  starter  kit  that  includes  both  books  and 
— if  you’re  on  a budget  — Al’s  book  is  available  as  a free 
PDF  download. 

Okay,  back  to  the  code.  On  entering  the  ISR,  we  want 
to  make  sure  that  we’re  pointing  at  the  serial  variables,  so 
we  issue  a BANK  $00  statement  to  do  that.  Then,  we 
sample  the  serial  line  by  copying  it  into  the  SX  Carry  bit. 
When  the  serial  line  is  idle,  the  Carry  bit  will  now  hold  a 
value  of  1.  Let’s  continue  to  go  through  the  code  as  if 
we’re  in  the  idle  state.  The  TEST  instruction  will  set  the 
Zero  bit  if  the  register  tested  holds  a value  of  zero.  In  our 
program,  the  variable  rxCount  is  used  to  count  down  the 
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bits  as  they’re  coming  in;  when 
rxCount  is  zero,  we  are  not  currently 
receiving  a byte. 

The  next  instruction,  JNZ,  will 
force  the  program  to  jump  to  RX_Bit 
when  the  Z flag  is  not  set  — this 
happens  when  we  are  receiving 
(rxCount  > 0).  Since  the  Z flag  is  cur- 
rently set,  we  will  fall  through  the  JNZ 
to  where  we  load  the  value  of  9 (start 
bit  plus  eight  data  bits)  into  the  W 
register.  After  that,  we  will  check  the 
Carry  bit;  if  it  is  1 (and  it  currently  is), 
we  will  skip  the  loading  of  rxCount 
and  load  the  bit  timer  (rxTimer).  With 
rxTimer  loaded,  we  drop  into  RX_Bit, 
where  the  timer  is  decremented  and 
— if  not  0 — the  serial  routine  jumps 
to  the  label  called  Multiplex. 

This  process  will  repeat  every 
interrupt  cycle  until  a start  bit  is 
received.  You  may  be  wondering  — as 
I did  — why  the  rxTimer  gets  loaded 
when  there  is  no  start  bit.  Well,  the 
reason  there  is  no  bail-out  on  a no 
start  bit  condition  is  that  it  actually 
adds  more  code  than  simply  allowing 
the  rxTimer  to  be  loaded  and  the 
routine  to  exit. 

Now,  a start  bit  arrives;  let’s  see 
what  happens.  This  time,  through, 
we  will  move  0 into  the  Carry  bit.  As 
rxCount  is  still  0,  we  will  not  jump  to 
RX_Bit,  but  we  will  end  up  moving  9 
into  rxCount  (via  W).  Now,  we  load 
the  rxTimer  with  1.5  bit  periods, 
decrement  the  timer  for  this  inter- 
rupt cycle,  and  exit.  On  the  next 
interrupt,  we  will  have  9 in  rxCount, 
so  the  code  will  jump  right  to  RX_Bit 
after  sampling  the  serial  line  and 
then  the  rxTimer  will  be  decrement- 
ed again.  This  will  continue  until 
rxTimer  is  0. 

At  this  point,  we’re  actually  in  the 
middle  of  the  first  data  bit  (the  LSB). 
We  will  reload  the  rxTimer  with  the  bit 
timing  and  then  decrement  the 
rxCount  to  account  for  the  start  bit. 
The  program  will  drop  through  the  SZ 
(skip,  if  zero)  instruction,  since 
rxCount  is  at  eight  and  then  move  the 
data  bit  (currently  sitting  in  Carry) 
into  rxByte  with  the  RR  (rotate  right) 
instruction. 

Finally,  the  program  will  drop 
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through  another  SZ  instruction  and 
jump  out  of  the  serial  routine  to  the 
Multiplexer. 

This  process  will  continue  for 
eight  bits.  After  the  final  bit  arrives, 
rxCount  will  be  0 and  the  code  will 
end  up  skipping  the  JMF  Multiplex 
instruction  and  move  to  RX_Buffer. 
This  code  will  save  the  incoming  byte 
to  a 16-byte  circular  buffer.  This  will 


let  our  foreground  program  handle 
important  business  while  bytes  are 
streaming  in.  That  said,  it’s  a circular 
buffer  and  — if  we  don’t  pull  data  from 
it  before  it  fills  — it  can  end  up  over- 
writing itself.  That  won’t  be  a problem 
with  our  display. 

The  code  at  RX_Buffer  uses  indi- 
rect addressing  via  the  FSR  (File 
Select  Register)  to  update  the  circular 
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buffer.  We  start  by  moving  the  location  of  the  first  byte  of 
the  buffer  into  the  FSR,  then  adding  the  head  pointer 
(rxHead)  to  that.  The  MOV  IND  instruction  takes  the  value 
of  rxByte  and  puts  it  into  the  location  being  pointed  to 
by  the  FSR.  Then,  we  update  the  position  of  the  head 
pointer  and  make  sure  that  it  stays  within  a 0 to  15  range 
by  clearing  bit  4.  At  the  end  of  our  serial  section,  we  can 
terminate  the  assembly  code  block  of  our  ISR  with  the 
ENDASM  instruction. 

Did  you  just  take  a big  breath?  I did!  There 
will  come  a point  when  this  all  seems  trivial,  but  — until 
you  get  to  that  point  — you  might  want  to  review  it  a 
few  times.  It  wouldn’t  hurt  to  map  the  position  of  the 
counters  and  bits  on  paper  so  that  you  make  sure  you 
understand  it.  By  understanding  how  this  works,  you’ll 
be  able  to  modify  it  to  suit  your  needs  for  a different 
application. 

Taking  the  Mystery  Out 
of  Multiplexing 

Remember  that  our  project  has  another  important 
task:  we  have  to  multiplex  the  LED  display,  which 
means  selecting  the  active  column  (cathode)  and  then 


activating  the  appropriate  segments  (anodes)  to  create 
the  desired  pattern.  We  will  handle  this  “in  the  back- 
ground” via  the  ISR.  This  is  actually  much  easier  than 
the  serial  code  though  and  can  be  done  with  SX/B 
instructions. 

Multiplex: 

INC  digPntr 

IF  digPntr  <=  7 THEN  Next_Digit 
digPntr  = 0 

Next_Digit : 

Cathodes  = NoDig 

IF  digPntr  > limit  THEN  ISR_Exit 

Anodes  = anoBuf (digPntr) 

IF  digBlank  = 1 THEN  ISR_Exit 
READ  DigCtrl  + digPntr,  Cathodes 

ISR_Exit : 

RETURNINT  104 

The  first  step  is  to  increment  the  variable  called 
digPntr  that  points  at  the  current  active  column.  The  next 
line  will  compare  the  value  of  digPntr  to  7 (last  legal 
column  value)  and,  if  digPntr  is  less  than  or  equal  to  7, 
then  we  will  move  on  to  Next_Digit.  Once  digPntr  hits  8, 


Figure  2.  SS8  schematic. 
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we  will  reset  it  before  moving  on.  If  you  modify  the 
program  for  a smaller  display,  be  sure  to  update  this 
section  of  code. 

The  code  at  Next_Digit  actually  updates  the  display. 
We  start  by  turning  it  off  — this  will  prevent  ghosting  when 
we  change  the  anode  (segments)  values.  Next,  we’re  going 
to  check  a couple  of  values  that  can  be  set  by  the  user  via 
serial  commands  (more  on  that  later).  The  first  is  the 
blanking  bit,  which  turns  the  display  off  without  affecting 
the  contents  of  the  display  buffer.  When  blanking  is 
enabled,  we  jump  right  out  of  the  ISR  before  enabling  the 
current  column.  The  next  value  checked  is  the  column 
limit.  This  lets  us  decide  how  many  columns  to  activate 
(starting  from  the  rightmost  position).  If  the  column 
pointer  is  beyond  the  column  limit,  we  jump  out  of  the  ISR 
before  activating  the  current  column. 

Finally,  when  blanking  is  off  and  the  current  column 
is  active,  we  will  move  the  contents  of  the  anodes  buffer 
for  that  column  to  the  display.  Then,  we  activate  the 
column  by  setting  its  cathode  control  line  to  0 and  we’re 
done. 

Take  another  breath.  The  really  cool  thing  about  all 
this  is  that  the  multiplexing  code  was  written  in  Basic  — 
SX/B  Basic.  That’s  really  neat.  Now,  before  you  get  too 
excited,  there  is  something  very  important  to  keep  in 
mind:  You  must  keep  the  longest  path  through  the  ISR 
to  less  than  the  number  of  cycles  assigned  to  the  ISR 
activation,  minus  three  cycles  (101,  for  this  project).  If  we 
go  over,  what  will  happen  is  that  an  interrupt  cycle  may  get 
ignored  if  it  occurs  while  the  current  interrupt  is  still 
running  (the  SX  disables  interrupt  while  running  the  ISR) 
and  this  could  be  catastrophic  for  programs  that  require 
specific  interrupt  timing. 

You  can  check  the  length  of  the  ISR  by  looking  at  the 
assembly  output  — using  Ctrl-L  in  the  SX-Key  editor  is  a 
quick  way  to  do  this.  In  this  program,  the  final  address  of 
the  ISR  is  $0056  (86),  so  we’re  in  good  shape. 

Back  to  Easy  Street 

With  the  interrupt  routine  coded  and  working,  the  rest 
of  the  program  is  downright  simple.  Let’s  go  through  the 
important  parts.  In  the  beginning,  we  want  to  wait  for  the 
proper  header  string  before  processing  any  commands  — 
this  keeps  us  AppMod-compatible.  The  header  for  the  LED 
controller  is  “!SS8”  and  will  be  followed  by  a command  and 
one  or  more  data  bytes. 

Main: 

GOSUB  Get_Byte , @cmd 
IF  cmd  <>  "!"  THEN  Main 
GOSUB  Get_Byte , @cmd 
IF  cmd  <>  "S"  THEN  Main 
GOSUB  Get_Byte , @cmd 
IF  cmd  <>  "S"  THEN  Main 
GOSUB  Get_Byte , @cmd 
IF  cmd  <>  "8"  THEN  Main 


This  code  looks  very  similar  to  what  we  did  in  the  line 
follower  program.  It  simply  goes  through  the  input  until 
the  sequence  “!SSR”  is  received.  Remember  that  our 
serial  input  is  being  placed  into  a circular  buffer  by 
the  ISR,  so  we  need  to  write  a routine  to  retrieve  the  first 
available  byte. 

_Get_Byte : 

IF  rxTail  = rxHead  THEN  _Get_Byte 

regAddr  = PARAM1 

tempi  = rxBuf (rxTail) 

INC  rxTail 

rxTail  = rxTail  & $0F 

RAM (regAddr)  = tempi 
RETURN 

Just  as  we  did  last  time,  we  can  pass  the  desired 
variable  address  by  using  the  preface.  In  the  Get_Byte 
routine,  this  causes  the  address  of  that  byte  to  be  saved. 
Then  the  routine  compares  the  value  of  the  tail  pointer 
(where  we  will  get  the  byte)  to  the  head  pointer  (where  the 
next  incoming  byte  will  be  saved).  If  these  values  are 
equal,  the  buffer  is  empty  and  we’ll  loop  to  the  top  of  the 
routine  until  something  arrives. 

When  the  buffer  isn’t  empty,  we  will  move  the  byte 
currently  sitting  in  the  tail  position  to  a temporary  variable. 
As  we  did  with  the  head  pointer  in  the  ISR,  we  have  to 
update  the  position  of  the  tail  pointer  and  force  it  to  stay 
within  the  0 to  15  range  of  valid  buffer  addresses.  Finally, 
we  move  the  serial  byte  (sitting  in  tempi)  to  the  variable 

specified  by  the  caller  by  using  the  system  RAM() 

address.  This  is  new  in  SX/B  version  1.1  and  makes  it  easy 
to  modify  or  retrieve  any  SX  RAM  address. 

Once  we  have  the  header,  we  will  grab  the  command 
byte  and  then  jump  to  a routine  that  takes  care  of  any  data 
or  processing  required  by  the  command. 

Get_Cmd : 

GOSUB  Get_Byte , @cmd 
IF  cmd  = "R"  THEN  Do_Reset 
IF  cmd  = "C"  THEN  Do_Config 
IF  cmd  = "X"  THEN  Do_Blanking 
IF  cmd  = "W"  THEN  Do_Write 
IF  cmd  = "B"  THEN  Do_Block 
IF  cmd  = "<"  THEN  Do_ShiftL 
IF  cmd  = ">"  THEN  Do_ShiftR 
GOTO  Main 

To  some,  this  structure  may  look  a bit  clunky,  but 
keep  in  mind  that  SX/B  is  designed  to  be  very  close 
to  assembly  language.  This  lets  the  code  compile  very 
cleanly  and,  more  importantly,  it  lets  us  learn  from  the 
compiled  code.  In  many  instances,  you’ll  see  that  there  is 
a one-to-one  relationship  between  SX/B  instructions  and 
SX  instructions.  SX/B  is  built  for  speed. 

Let’s  have  a look  at  the  valid  instructions,  starting  with 
“R”  for  reset.  The  purpose  of  this  command  is  to  clear  the 
serial  buffer,  clear  the  display  buffer,  and  set  the  display 
mode  for  each  column. 
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Do_Reset : 

GOSUB  Get_Byte , @colMode 
rxHead  = 0 
rxTail  = 0 
limit  = 0 

colEnable  = %11111111 
FOR  idx  = 0 TO  7 
digBuf(idx)  = 0 
NEXT 

GOSUB  Update_Anodes 
GOTO  Main 

Note  that  the  reset  command  allows  us  to  specify  the 
column  mode  bits.  Since  our  display  is  eight  digits  wide, 
a single  byte  works  perfectly.  A “0”  bit  (default)  indicates 
that  the  column  is  decoded  — that  is,  the  value  in  the  data 
buffer  will  be  translated  to  the  appropriate  patterns  for  the 
values  0 to  F (15).  A “1”  bit  in  the  mode  byte  will  cause 
the  raw  bit’s  value  to  be  transferred  to  the  display.  This 
feature  allows  us  to  define  other  alpha  characters  and 
special  patterns  that  may  be  used  in  animations  (the  BS2 
demo  program  shows  off  this  feature). 

The  rest  of  the  reset  code  clears  the  serial  input 
buffer,  sets  the  display  limit  to  one  column,  enables  all 
columns  (up  to  the  column  limit),  and  clears  the  display 
buffer  (digBuf).  After  these  changes  are  made,  we  have  to 
call  the  Update_Anodes  subroutine  as  the  anodes  buffer 
is  what  gets  transferred  to  the  display  in  the  ISR. 


SEROUT  Sout,  Baud,  ["1SS8C",  2,  0,  $FF] 

The  first  byte  in  the  stream  limits  us  to  the  third 
column  (column  2).  The  next  byte  specifies  that  all 
columns  are  decoded  (all  bits  are  0)  and  that  all  visible 
columns  are  enabled.  Let’s  look  at  the  code  that  processes 
the  “C”  (configuration)  command: 

Do_Conf ig: 

GOSUB  Get_Byte,  @limit 
GOSUB  Get_Byte , @colMode 
GOSUB  Get_Byte,  @colEnable 
limit  = limit  MAX  7 
GOSUB  Update_Anodes 
GOTO  Main 

As  you  can  see,  there  is  no  magic  here  — we  simply 
grab  the  bytes  coming  in  and  move  them  to  their  respec- 
tive variables.  The  only  byte  of  concern  is  the  column  limit, 
which  has  a maximum  value  of  7.  The  MAX  operator 
handles  this  for  us.  Since  the  configuration  command  can 
change  column  display  modes  and  enable  bits,  we  need  to 
call  CJpdate_Anodes  again  to  refresh  the  anodes  buffer. 

Before  we  run  out  of  space,  let’s  actually  put  a value 
into  the  display,  shall  we?  We’re  going  to  use  the  “W” 
(write)  command  that  will  let  us  specify  a column  and  a 
value  to  write  to  it. 


Update_Anodes : 

FOR  tempi  = 0 TO  7 
temp2  = 0 

temp3  = colEnable  >>  tempi 
IF  temp3 .0=0  THEN  _Put_Dig 
temp2  = digBuf (tempi) 
temp3  = colMode  >>  tempi 
IF  temp3 .0=1  THEN  _Put_Dig 

Decode_Dig : 

temp2  = temp2  & $0F 

READ  SegMaps  + temp2,  temp2 

Put_Dig : 

anoBuf (tempi)  = temp2 
NEXT 
RETURN 


%/% 


This  subroutine  probably  looks  a bit  more  complicated 
than  it  is.  The  code  loops  through  eight  columns,  first 
checking  to  see  if  a column  is  enabled.  If  it  isn’t,  the 
anodes  buffer  for  that  column  is  cleared.  If  the  column  is 
enabled,  then  we  need  to  check  the  mode  for  that  column. 
When  the  mode  bit  is  “0,”  we  will  take  the  low  nibble  of  the 
column  value  and  use  it  as  an  index  into  the  patterns  table 
that  make  up  the  shapes  for  the  numbers  0 through  F.  If 
the  mode  bit  for  a column  is  “1,”  the  raw  value  is  trans- 
ferred to  the  anodes  buffer.  After  the  display  is  reset,  we 
may  want  to  change  the  configuration.  Let’s  say  that  we 
wanted  to  enable  the  rightmost  three  columns  in  decoded 
mode.  Here’s  how  we  could  do  that  using  a BASIC  Stamp: 
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Do_Write : 

GOSUB  Get_Byte,  @idx 
GOSUB  Get_Byte , @cmd 
IF  idx  > 7 THEN  Main 
digBuf  (idx)  = cmd 
GOSUB  Update_Anodes 
GOTO  Main 


After  retrieving  the  column  and  data  values,  we  just 
need  to  make  sure  that  a column  value  beyond  our 
display  has  not  been  specified.  If  this  happens,  we  exit  to 
Main  and  leave  the  raw  digits  buffer  alone.  If  the  column 
index  is  good,  then  we  update  the  digits  buffer  and  — as 
we  did  before  — we  update  the  anodes  buffer,  as  well.  This 
updates  the  display.  Before  we  go,  let’s  look  at  a bit  of 
PBasic  code  that  can  run  the  project  — it  will  make  sense 
of  some  of  the  main  features. 

idx2  = 0 

FOR  cntr  = 1 TO  100 
FOR  idx  = 0 TO  2 

SEROUT  Sout,  Baud,  ["  1SS8W" , idx,  cntr  DIG  idx] 
NEXT 

SEROUT  Sout,  Baud,  ["!SS8W",  7,  1 « idx2] 

idx2  = idx2  + 1 //  6 

LOOKDOWN  cntr,  <[10,  100,  1000],  last 

LOOKUP  last,  [$FE,  $FC,  $F8]  , cMode 

LOOKUP  last,  [$C1,  $C3,  $C7] , cEnable 

SEROUT  Sout,  Baud,  [" ! SS8C" , 7,  cMode,  cEnable] 

PAUSE  100 

NEXT 
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Low-Cost  TX  & 
RX  Modules 


The  purpose  of  this  code  is  to  display  a three-digit 
counter  in  the  display,  as  well  as  run  a little  animated 
“bug”  on  the  left.  The  main  loop  handles  the  counter. 
At  the  top  of  the  main  loop  is  a smaller  inner  loop  that 
uses  the  Write  command  to  send  the  counter  digits  to 
the  display. 

Notice  how  convenient  the  DIG  operator  is  for  us  in 
this  application.  The  next  section  animates  the  outside 
segments  of  the  leftmost  display.  It’s  a very  simple 
attention  getter. 

Now  that  we  have  data  in  the  SS8 
buffer,  we  need  to  configure  the 
display  so  that  digits  are  shown  on 
the  riqht  and  the  animated  “buq”  on 
the  left. 

With  LOOKDOWN,  we  can 
determine  how  many  columns  the 
current  count  value  occupies  and, 
with  that  value,  LOOKUP  will  give  us 
the  proper  column  mode  and  enable 
bytes.  This  lets  us  blank  leading  zeros 
and  create  a more  professional  look- 
ing display. 

One  of  the  things  that  you 
probably  noticed  is  that  the  column 
mode  and  column  enable  bytes 
can  — in  some  cases  — be  used  to 
accomplish  the  same  thing. 

If  I’m  being  honest,  the  column 
enable  feature  was  a late  addition  to 
the  project  and  this  came  after  a lot 
of  display  experimenting.  One  tech- 
nique that  I experimented  with  while 
I was  developing  the  code  was 
prewriting  to  the  display,  and  then 
revealing  the  display  column  by 
column  by  updating  the  column 
enable  byte. 

Well,  it’s  up  to  you  now.  I will 
admit  that  programming  the  SX  — 
even  with  SX/B  — can  be  challenging, 
however  the  rewards  are  really 
worthwhile. 

If  you  use  this  display  project  as 
a guide,  you  can  build  any  number  of 
serial  accessories  that  require 
buffered  input.  But  be  sure  to  down- 
load the  SX  documentation  for  the 
(Jbicom,  and  please  do  check  out  the 
books  I told  you  about;  they  will  real- 
ly make  your  journey  into  SX  mastery 
far  easier. 

By  the  way,  please  feel  free  to 
contact  me  at  the  email  address 
provided.  I look  forward  to  hearing 
from  Nuts  & Volts  readers! 


Have  a Happy  New  Year!  And  until  next  time 
Stamping.  NV 


Happy 


Jon  Williams 

jwilliams@parallax.com 

Parallax,  Inc. 

www.parallax.com 
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Advanced 

Technologies 

Oscillator  Senses  Viruses 


Scanning  electron  micrograph  of  a 
cantilever  oscillator  6 pm  long,  0.5  pm 
wide,  and  150  nm  thick,  with  a I pm  square 
paddle. The  scale  bar  corresponds  to  2 pm. 
Courtesy  of  Craighead  Group, 
Copyright  Cornell  University. 
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Suppose  you  want  to  measure  an 
extremely  small  entity,  such  as  a 
bacterium,  a virus,  or  the  amount  of 
weight  you  have  lost  by  taking 
Cortislim®.  A standard  scale  just 
won’t  do  the  job;  you’ll  need  an 
exotic  device  that  is  capable  of 
detecting  extremely  low  mass.  No 
problem  there,  though,  if  you  have 
access  to  a cantilever  oscillator 
developed  at  Cornell  University 
(www.cornell.edu) . 

The  principle  is  pretty  simple. 
Think  of  a kitchen  knife  that  you  just 
tossed  across  the  room,  sticking  it 
into  the  front  door.  It  will  quiver  on  its 
own  for  a short  time,  using  energy 
left  over  from  the  throw.  After  that,  if 
you  make  the  door  vibrate  at  the 
knife’s  resonant  frequency,  the  knife 
will  respond  with  the  same  lateral 
oscillation. 

The  knife’s  resonant  frequency 
depends  partially  on  the  mass  of 
the  handle,  so  — if  you  stick  a piece 
of  gum  on  it  — the  resonant 
frequency  will  change.  Obviously,  it 
would  be  possible  to  compute  the 
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mass  of  the  gum  if  you  have  a 
basic  knowledge  of  how  a change 
in  mass  affects  the  resonant 
frequency. 

To  enable  such  measurements 
on  a nanoscale  level,  Cornell 
researchers  simply  substituted  a 
silicon  paddle  for  the  knife  and 
reduced  its  length  to  6 to  10  jum.  If 
you  mount  the  paddle  on  a piezo- 
electric crystal  instead  of  your  front 
door,  it  can  be  made  to  vibrate  at 
frequencies  of  5 to  10  MHz.  By 
adding  a few  virus  particles  to  a 
paddle,  you  can  change  its  resonant 
frequency  by  about  10  kHz,  which  is 
easy  to  detect. 

In  the  reported  experiment, 
researchers  were  able  to  sense  as 
few  as  half  a dozen  viruses  and  they 
believe  the  device  to  be  inherently 
sensitive  enough  (down  to  about 
0.41  attograms)  to  sense  just  one. 
The  type  of  viruses  used  in 
the  experiment  (Autographa 
californica  nuclear  polyhedrosis,  in 
case  you  care)  weigh  about 
1.5  femtograms.  One  complication 
is  that  air  has  a tendency  to 
damp  the  paddle’s  vibration,  so 
measurements  must  be  made  in  a 
vacuum,  but  it  is  otherwise  pretty 
straightforward. 

With  development,  the  tech- 
nique could  provide  a practical  way 
to  look  for  other  viruses,  DNA, 
proteins,  and  toxic  organic  chemi- 
cals. In  addition,  by  using  arrays  of 
paddles,  one  could  build  a simple 
field  detector  that  tests  for  a range  of 
pathogens  in  a single  pass. 

Speed  of  Light  = 670  MPH 

If  you  want  to  communicate  over 
long  distances  using  optical 


fibers,  it’s  usually  a good  thing  that 
light  travels  at  roughly  186,000 
MPS.  However,  light  occasionally 
needs  to  be  slowed  down  so 
signals  can  be  routed,  converted,  or 
synchronized.  A common  way  to  do 
that  is  to  feed  it  into  a loop,  but  it 
currently  takes  300  km  of  fiber  to 
delay  an  optical  signal  for  a 
thousandth  of  a second,  so  it  would 
be  really  helpful  if  you  could  slow 
it  down. 

It  now  appears  that  physicists 
at  the  National  Institute  of 
Standards  and  Technology  (NIST, 
www.nist.gov)  have  figured  out  a 
way  to  do  that.  The  key  is  the  optical 
soliton  — a solitary,  intense  light 
pulse  that  can  travel  long  distances 
without  changing  its  shape  or 
spreading  out.  The  NIST  people  have 
shown  that  it  is  possible  to  use  a very 
stable  pulsed  laser  to  create  a soliton 
that  travels  slowly  through  a cryo- 
genic gas  of  rubidium  atoms  for 
more  than  5 cm  without  noticeable 
distortion. 

Using  this  principle,  the  soliton 
could  travel  at  one  millionth  of  the 
usual  speed  of  light  and  the  300 
km  of  optical  fiber  could  be 
reduced  to  a few  centimeters.  The 
next  step  for  NIST  scientists  is  to 
translate  the  theory  into  practical 
experiments.  The  long  term  goal 
is  to  help  simplify  and  reduce 
the  cost  of  high  speed  optical 
communications. 

Computers  and 
Networking 

“Fastest  Computer”  Title 
Changes  Hands  Again 

Last  September,  IBM’s  Blue  Gene 
supercomputer  became  the  big 
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dog  on  the  block  by  achieving  36.01 
TFLOPS  performance,  based  on  the 
Unpack  benchmark. 

However,  NEC  Corporation 
(www.nec.com)  has  announced  the 
worldwide  launch  of  its  model  SX-8, 
claiming  that  it  can  deliver  65 
TFLOPS. 

Using  the  same  vector  architec- 
ture as  NEC’s  Earth  Simulator,  the 
new  product  combines  enhanced 
CPUs  with  improved  memory  and  I/O 
processing  performance. 

An  enhanced,  single-chip  vector 
processor  — also  used  by  the  SX-6  — 
contributes  to  the  improved  price 
performance  and  space  savings 
offered  by  the  SX-8.  The  machine  is 
intended  for  use  in  fields  that  require 
large  scale  and  ultra  high  speed 
computing  of  massive  data,  such  as 
meteorological  forecasting,  environ- 
mental simulations,  and  automotive 
crash  analysis. 

The  single-node  model  (which 
can  include  up  to  eight  CPUs)  will 
give  you  only  128  GFLOPS,  so  you’ll 
need  to  order  a multiple-node  to 
achieve  peak  performance.  Monthly 
rental  charges  are  reported  to  start  at 
about  $1 1,000.00. 

Keep  in  mind,  however,  that  the 
“fastest  supercomputer”  crown  is 
still  being  passed  around  and  IBM 
plans  to  get  it  back  by  delivering  a 
360  TFLOP  machine  to  the 
Lawrence  Livermore  Laboratory 
later  this  year. 


New  Portable  USB 
Hard  Drives 


Western  Digital’s  Passport  drives  are 
compact  and  require  no  separate 
power  supply.  Courtesy  of 
Western  Digital  Corporation. 


Late  in  2004,  Western  Digital 
Corporation  (www. western 
digital.com)  unveiled  the  Passport 
line  of  portable  USB  hard  drives  offering 
a choice  of  40  or  80  GB  capacities 
and  (in  most  cases)  no  need  for  a 
separate  power  supply.  The  drives  are 
based  on  the  2.5  inch  Scorpio  mech- 
anism, include  the  company’s  Data 
Lifeguard  data  protection,  and  are 
packaged  in  a rugged  case. 

According  to  the  vendor,  WD 


Passport  Portable  Drives  are  able  to 
withstand  the  rigors  of  mobile  profes- 
sionals and  other  users  who  need  to 
carry  substantial  amounts  of  data  with 
them.  A detailed  product  spec  sheet 
and  photos  of  the  drives  are  available 
on  the  company’s  website.  The  list 
price  is  $199.00  for  the  40  GB  version 
and  $249.00  for  the  80  GB  one. 

Playing  With  Disaster 


Disaster  Dave  helps  kids  learn  disaster 
readiness  skills  in  “Disaster  Dave’s 
Misadventures,”  a new  educational 
computer  game  developed  by  Purdue 
Extension  and  the  Federal  Emergency 
Management  Agency. 


For  those  who  want  to  teach 
children  in  the  community  about 


The  Standard  for  checking 
Capacitors  in-circuit 


Good  enough  to  be  the 
choice  of  Panasonic, 
Pioneer,  NBC,  ABC,  Ford, 
JVC,  NASA  and  thousands 
of  independent  service 
technicians. 


Inexpensive  enough  to  pay  for  itself  in  just 
one  day’s  repairs.  At  $199,  it’s  affordable. 


And  with  a 60  day  trial  period,  satisfaction 
guaranteed  or  money-back  policy,  the  only 
thing  you  can  lose  is  all  the  time  you’re 
currently  spending  on  trying  to  repair  all 
those  dogs  you’ve  given  up  on. 

CapAnalyzer  88A 


Locate  shorted  or  leaky 
components  or  conditions 
to  the  exact  spot  in-circuit 


Still  cutting  up  the  pcb, 
and  unsoldering  every 
part  trying  to  guess  at 
where  the  short  is? 

$199 


Your  DVM  shows  the  same  shorted  reading  all 
along  the  pcb  trace.  LeakSeeker  82B  has  the 
resolution  to  find  the  defective  component. 
Touch  pads  along  the  trace,  and  LeakSeeker 
beeps  highest  in  pitch  at  the  defect’s  pad.  Now 
you  can  locate  a shorted  part  only  a quarter  of 
an  inch  away  from  a good  part.  Short  can  be 
from  0 to  150  ohms 


LeakSeeker  82B 


Available  at  your  distributor,  or  call  561-487-6103 

Electronic  Design  Specialists  www.eds-inc.com 
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Amazing  Devices 


www.amazingl  .com 


Anti  Gravity  Projects 

All  new  mini  35  kv  1.5 
ma  adjustable  output 
power  supply  with 
instructions  on  making 
a simple  craft. 

GRAIKKit $69.95 

GRA10  Assembled $119.95 


Green  Lasers  Pointers 


with  Coliminator 


1 0,000  feet  plus  - Full  5 mw.  A real 
beauty!! 

LAPNGR5  Ready  to  use. ..$129.95 


Ion  Ray  Guns 

Potential  ^ | 
concept  for 

the  ultimate  weapon  of  the 
future.  Produces  force  fields, 
induces  shocks  and  other  weird 


effects. 

IOGHP1  Plans $10.00 

lOGHPIKKit $149.95 

IOGHP10  Assembled $249.95 


Laser  Window  Bounce 


Receiver  and 
laser  illuminator 
modules  for 

building  a listening  device. 

LWB9  Plans  complete  system. .$20.00 


Infra  Red  Laser  Module 


CWL1K  Kit $199.95 

CWL10  Assembled $299.95 

Optical  Receiver  with  Voice  Filter 

LLR4K  Kit $149.95 

LLR40  Assembled $199.95 


Electrokinetic  Guns 

Fires  an  actual 
projectile  using  a 
magnetic  pulse.  Advanced 
project  must  be  used  with 
caution.  Battery  powered. 

EML3  Plans $10.00 

EML3K  Kit $69.95 


ns 

r » 


Information  Unlimited 

Box  716,  Amherst,  NH  03031  USA 
Orders:  1-800-221-1705 
Fax:  1-603-672-5406 
Email:  riannini@metro2000.net 
Catalog  $2.00 
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disaster  readiness  (and  perhaps 
scare  the  bejeebies  out  of  them  at 
the  same  time),  “Disaster  Dave’s 
Misadventures”  — an  educational 
computer  activity  — has  been  devel- 
oped by  Purdue  University  Extension 
with  funding  from  the  Federal 
Emergency  Management  Agency 
(FEMA). 

Now  available  to  the  public, 
its  focus  is  to  teach  disaster  readi- 
ness skills  in  a fun  and  entertain- 
ing fashion  with  the  assistance  of 
“Disaster  Dave,”  whom  students 
help  navigate  through  a variety  of 
natural  and  other  disasters.  Faced 
with  blizzards,  tornadoes, 
hazardous  materials  spills,  and 
national  security  emergencies, 
Disaster  Dave’s  fictional  commu- 
nity is  either  destroyed  or  spared, 
depending  on  the  skills  and 
knowledge  of  the  player. 

In  one  activity,  for  example, 
Disaster  Dave  faces  a snow 
emergency.  He  has  to  decide  how 
and  when  to  take  shelter  and  what 
items  to  pack  in  disaster  supply 
kits.  If  Dave  makes  the  right 
choices,  the  city  and  its  residents 
make  it  through  the  storm. 

However,  if  he  makes  poor 
choices,  the  simulated  story  worsens 
and  the  city  is  trashed  (pretty  much 
like  Washington,  DC,  every  time  it 
snows).  Single  copies  are  available 
for  $10.00  and  organizations  can  buy 
a set  of  25  for  $150.00.  Details  are 
available  at  www2.ces.purdue.edu/ 
eden 


with  part  numbers  P/N  9364U,  P/N 
7832D,  or  P/N  4983D.  For  more 
information,  visit  www.delladapter 
program.com 

Circuits  and  Devices 

Robot  Passes  I Million 
Sales  Level 


Two  decades  ago,  we  imagined  a 
future  in  which  intelligent  robots 
would  free  humanity  from  dull, 
dangerous,  and  repetitious  labor, 
dutifully  generating  previously 
unimagined  prosperity  and  freeing 
us  for  a pursuit  of  happiness 
unencumbered  by  material  needs. 
We  have  fallen  a little  short  of 


This  CAD  rendering  of  the  Roomba  shows  that 
there  is  much  more  to  this  robot  than  meets 
the  eye.  Intricate  sensors  are  required  for 
everything  from  drop  offs,  walls,  pets,  and 
floor  coverings. 


Power  Supplies 
Recalled 

If  you  own  a Dell  Latitude, 
Precision,  or  Inspiron  note- 
book computer  and  bought  it 
between  September  1998 
and  February  2002,  you’ll 
want  to  take  a look  at  the 
power  supply.  About  990,000 
of  them  — manufactured  by 
Delta  Electronics  — are  being 
recalled  because  of  a risk  of 
fire  or  electrical  shock.  The 
afflicted  adapters  are  marked 
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that,  but  at  least  many  of  us  have  stopped  vacuuming  our 
floors.  Yes,  as  of  late  2004,  more  than  a million  people  had 
purchased  the  $200.00  Roomba  robotic  floor  vacuum 
from  iRobot  (www.irobot.com). 

Well,  maybe  having  an  oversized  hockey  puck 
wandering  around  your  house  isn’t  all  that  romantic,  but 
owners  generally  report  that  it  actually  works.  The 
Roomba  has  infrared  sensors  that  allow  it  to  follow  walls 
and  avoid  falling  down  stairs,  wheel-drop  sensors  that 
stop  the  unit  when  it  is  lifted,  and  a bump  sensor  that 
keeps  it  from  interfering  with  furniture  and  other  objects 
on  the  floor. 

It  also  employs  a flapper-and-brush  system  to  pick  up 
large  particulates  and  a high  velocity  nozzle  that  sucks  up 
small  particles,  such  as  dust.  The  latest  Discovery  and 
Roomba  Red  models  add  a system  called  Dirt  Detect  that 
senses  particularly  dirty  areas  and  tells  the  robot  to 
concentrate  on  them  until  they  are  clean. 

One  reviewer  noted  that  his  Roomba  (affectionately 
named  “Monica”)  doesn’t  do  stairs  or  baseboards,  requires 
frequent  emptying,  and  can  leave  dirt  when  moving  from 
tile  to  carpet. 

However,  he  noted  that  it  provides  a cleaner  house, 
with  very  little  effort  and  at  an  affordable  price.  Now,  if 
they  can  only  get  it  to  feed  and  walk  the  dog,  we  would  all 
be  set! 

Humidity  Sensor/Controller  Introduced 

If  your  latest  design  employs  sensitivity  to  moisture  or 
temperature,  you  may  be  interested  in  the  HS-2000C 
humidity  sensor/controller  from  Precon,  Inc.  (www. 
preconusa.com),  which  combines  analog  moisture  and 
temperature  sensing  with  dual  channel  on/off  control 
capability. 

Based  on  user  requirements,  high  and  low  limits  are 
embedded  in  the  device  at  the  factory  and  it  can  be 
configured  for  either  direct  or  reverse  action.  The  two 
outputs  will  equal  either  zero  or  the  supply  voltage,  which 
can  range  from  2 to  5 V.  Proportional  control,  LCD  display, 
and  various  packaging  options  are  also  available.  The 
dime-sized  HS-2000C  is  a little  pricey  at  $35.00,  but  it  is 
available  in  small  quantities  with  no  programming  charge. 
Accuracy  is  rated  to  ±2  percent,  with  qood  stability  from 
-30  to  +100°C. 

Industry  and  the  Profession 

Things  Sneaking  Under  Your  Hood 

For  many  years,  “black  boxes”  have  been  used  in 
commercial  aircraft  to  gather  and  retain  crash  data. 
You  may  not  be  aware  of  it,  but  similar  devices  are  now 
appearing  in  noncommercial  Earth-bound  vehicles, 
including  passenger  cars  and  trucks.  In  fact,  the  devices 
were  installed  in  all  2004  General  Motors  cars  and  several 
Ford  models. 

JANUARY  2005 


In  its  usual  standardization  role,  the  Institute  of 
Electrical  and  Electronics  Engineers  (IEEE, 
www.ieee.org)  recently  published  IEEE  Standard  1616 
for  motor  vehicle  event  and  data  recorders  (MVEDRs), 
which  is  the  term  for  equipment  that  collects,  records, 
stores,  and  provides  readout  data  about  your  vehicle’s 
operation. 

The  information  includes  vehicle  speed  and  changes 
in  velocity,  how  many  occupants  are  in  the  car,  seat  belt 
use  or  lack  thereof,  braking  and  steering  data,  geographic 
location,  direction  of  travel,  and  other  items,  all  linked  to 
dates  and  times. 

Proponents  of  MVEDRs  argue  that  the  digital  data  can 
complement  accident  information  collected  from  victims 
and  witnesses,  improve  vehicle  design,  reduce  fraudulent 
insurance  claims,  and  provide  other  useful  benefits. 
However,  many  privacy  advocates  doubt  the  desirability  of 
giving  insurance  companies  and  law  enforcement  agencies 
the  ability  to  download  a history  of  everything  your  car 
has  experienced  from  the  very  moment  you  took  it  home 
and  to  use  this  information  against  you  in  unfortunate 
situations. 

If  you  have  any  misgivings,  it  is  now  time  to  make 
them  known  to  the  auto  companies  and  your  elected 
officials.  NV 


PC  KEYBOARD  EMULATION 

Interface  Keyboards , Switches,  and  RS-232 
to  your  PC  Keyboard  Input 


Model  KE24 

ONLY  $99.95 

• PS/2  Keyboard 
Emulation 

• Up  to  12x12  matrix 

• Programmable 

• RS-232  Port 


The  KE24  is  the  ultimate  in  flexibility.  Inputs  from  keypads, 
switches,  or  serial  data  can  emulate  any  of  the  104  keys  from 
a standard  keyboard. 


Model  KE18 

ONLY  $44.95 

• 9 x 9 matrix  or  18 
Individual  inputs 

• 2.5"  x 3.0"  size 

• PS/2  Keyboard  Port 

The  KE18  provides  a quick 
and  easy  interface  to  the 
PS/2  port  from  your  switches 
and  keypads. 


ufHAGSTROM 

-1  1 ELECTRONICS,  INC. 


1 1 Fiddlers  Green,  Lansing,  NY  14882 


Toll  Free:  888-690-9080 
Phone:  (607)  533-4441 
Fax:  (607)  533-4443 

www.hagstromelectronics.com 
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by  Gerard  Fonte 


The  Business  of  Electronics  Through  Practical  Design  and  Lessons  Learned 

In  The  Trenches 

Analog  to  Digital  Conversion  Considerations 


Using  an  Analog  to  Digital 
Converter  (A/D)  is  really 
a fairly  easy  task  for 
most  non-critical  applications. 
Unfortunately,  there  seems  to  be  a 
lot  of  confusion  about  the  steps  that 
are  necessary  for  a good  conversion 
to  take  place. 

This  month,  we'll  examine  the 
error  sources  and  problems  that 
occur  when  the  necessary  attention 
to  detail  is  ignored. 


The  Sample  and 
Hold 

We’ll  limit  this  discussion  to  the 
common  successive-approximation 
class  of  A/D  converters.  Perhaps 
because  the  manufacturers  have 
made  them  so  "easy"  to  use,  hobby- 
ists and  engineers  don't  always  stop 
to  think  about  what  actually  happens 
when  they  press  the  "convert"  switch. 
Without  a doubt,  carelessness  is 


the  major  cause  of  improper  A/D 
function. 

There  was  a time  when  you 
had  to  buy  a separate  sample/hold 
(or  track/hold)  IC  and  attach  it  to 
your  A/D. 

Nowadays,  everything  is  integrated 
into  one  chip  and,  in  many  cases  — 
as  with  microcontrollers  (pCs)  — the 
A/D  is  only  another  feature.  Just 
because  you  don't  see  the 

sample/hold  doesn't  mean  that  it  isn't 
important  or  that  it  can  be  ignored. 
It  is  a critical  piece  of  the  conversion 
process.  Understanding  how  it  oper- 
ates is  important  in  understanding 
the  limitations  of  the  A/D. 

Fundamentally,  the  sample/hold 
is  just  a means  of  stopping  the  input 
signal  from  changing  during  A/D 
conversion.  The  successive  approxi- 
mation procedure  requires  that  the 
input  signal  be  fixed;  otherwise,  the 
conversion  can  be  corrupted.  This  is 
because  there  are  N sequential  com- 
parisons for  an  N-bit  converter.  An 
eight-bit  A/D  needs  eight  comparison 
steps  and  a 16-bit  A/D  needs  16 
steps,  etc. 

Obviously,  these  steps  take  time. 
If  the  input  signal  changes  halfway 
through  the  sequence,  the  second 
half  will  represent  the  changed  value. 
You  can  see  that  even  a small 
input  change  can  result  in  a really 
fouled-up  binary  number. 

A practical  example  will  show 
the  importance  of  the  sample/hold. 
Let's  say  that  you  have  a 12-bit  A/D 
— without  a sample/hold  — that 
takes  1 pS  for  each  of  the  12  steps 
for  a conversion  speed  of  12  pS. 
What  is  the  fastest  sine  wave  it  can 


ATOMIC  TIME 


ioio  Jorie  Blvd.  #332 
Oak  Brook,  II  60523 

1-800-985-8463 

www.atomictime.com 


Office  School  Clock  #1  V 
WT-3121A  $39.95> 

This  wall  clock  is  great  for  an  office, 
school,  or  home.  It  has  a professional 
look,  along  with  professional  reliabil- 
ity. Features  a manual  set  option,  day- 
light saving  time  disable  option,  and  a 
safe  plastic  lens  and  case. 


Atomic  Digital  Wristwatch 
< H15U  $34.95 

A high  tech  digital  wristwatch  with  a 
sophisticated  look.  Features  a metal 
t-J  ‘stretch’  band  and  a high-contrast 
| — | digital  display.  12/24  hr  time  formats, 
J mack  light,  date,  and  day  of  week. 


WT-3121A 


Arcron  Atomic  Watch 
<56G24-4  $249.99  | 

This  elegant  watch  features  a shock- 
resistant  titanium  case  with  hardened 
mineral  lens.  Silver  dial  with  arabic 
numerals,  and  high  quality  replace- 
able leather  band.  Watch  can  change 
to  any  world  time  zone.  Case  diameter  I 
40mm.  Made  in  Germany. 

1-800-985-8463 

www.atomictime.com 


WS-8007U-C 

ALaCrosse  Digital  Wall  Clock  $34.95 
I This  digital  wall  / desk  clock  comes  with  a beauti- 
ful cherry  wood  frame.  It  shows  time,  date,  day  of 
week,  temperature  and  moon  phase.  12/24  format. 


s by  the  U.S.  Atomic  Clock  -The  official  U.S.  time  that  governs  ship  movements,  radio  stations,  space  flights,  and  war- 
planes. With  small  radio  receivers  hidden  inside  our  timepieces,  they  automatically  syncronize  to  the  U.S.  Atomic  Clock  (which 
measures  each  second  of  time  as  9,192,631,770  vibrations  of  a cesium  133  atom  in  a vacuum)  and  give  time  which  is  accurate  to 
approx.  1 second  every  million  years.  Our  timepieces  even  account  automatically  for  daylight  saving  time,  leap  years,  and  leap 
$7.95  Shipping  & Handling  via  UPS.  (Rush  available  at  additional  cost)  Call  M-F  9-5  CST  for  our  free  catalog. 
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sample  without  error?  Re-stating  this  in  different  terms: 
what  is  the  fastest  sine  wave  that  doesn't  change  by  one 
Least  Significant  Bit  (LSB)  in  12  pS  (given  a full-scale 
sine  wave)? 

One  LSB  is  1/4,096  or  0.000244  of  full-scale.  This  is 
also  0.0140  degrees  of  a sine  wave.  So,  the  signal  can't 
vary  0.0140  degrees  in  12  pS.  There  are  25,714  of  these 
0.0140  steps  in  a full  360  degree  sine  wave.  Each  step 
requires  12  pS.  So  25,714  steps  at  12  pS  each  give  a 
period  of  0.3086  seconds  or  a 3.24  Hz  frequency. 
That's  right.  Without  a sample/hold,  the  12-bit  A/D  is 
frequency  limited  to  about  3.34  Hz,  even  though  the 
conversion  takes  only  12  pS.  Now,  it  is  clear  why  the 
sample-hold  is  needed. 

A sample-hold  is  simply  a capacitor  that  can  be 
disconnected  from  the  input  signal.  When  this  is  done,  it 
maintains  its  charge  — for  a while,  anyway.  No  capacitor 
is  perfect.  There  is  leakage  through  the  capacitor  insula- 
tion. This  is  called  "droop."  Obviously,  you  don't 
want  the  droop  to  be  more  than  one  LSB  over  the 
conversion  interval.  This  means  that  you  want  a large 
value  capacitor. 

Unfortunately,  a large  value  capacitor  requires  a large 
charging  time,  as  well  as  large  charging  current,  so  there 
is  a trade-off.  Most  manufacturers  make  the  hold  capaci- 
tor as  small  as  possible  for  maximum  speed.  If  the 
conversion  speed  is  fast  enough,  a small  capacitor  will 
work  well. 

There  is  also  the  series  resistance  of  the  IC  to  the 
capacitor.  No  switch  conductor  is  perfect.  This  means  that 
there  is  a resistor-capacitor  (RC)  network  made  from  the 
hold  capacitor  and  the  input  resistance.  This  causes  a 
delay  or  phase  error.  We'll  discuss  phase  error  in  more 
detail  later. 

How  big  are  the  RC  values?  Let's  look  at  the  popular 
Microchip  PIC  pC.  The  basic  eight-bit  A/D  is  detailed  in  the 
section  titled  "A/D  Sampling  Requirements,"  as  well  as  in 
Sections  21  and  22  of  the  1997  PIC  Micro  Mid-Range  MCCJ 
Family  Reference  Manual.  Here,  you  find  that  the  hold 
capacitor  is  about  51  pF  and  the  series  resistance  (due  to 
the  electronic  switch)  is  about  7,000  Q. 

It  should  be  noted  that  this  resistance  varies  consider- 
ably with  supply  voltage.  They  provide  lots  of  detail  on  the 
A/D  hardware.  (Some  other  companies  don't.)  Since  the 
Microchip  people  are  very  considerate,  they  have  tables 
that  specify  the  proper  A/D  clock  rates  for  various  system 
clock  speeds.  You  don't  have  to  actually  figure  them  out 
for  yourself.  It  is  very  important  to  follow  their  advice; 
otherwise,  your  A/D  may  lie  to  you. 


sophisticated  digital  signal  processing  procedure.  For 
virtually  all  applications  using  a small  pC,  this  is  not 
practical. 

This  means  that  Nyquist  is  not  really  useful  to  apply. 
The  idea  that  you  won't  have  any  errors  if  you  sample  at 
the  Nyquist  limit  is  simply  wrong.  Trying  to  apply 
Nyquist-like  concepts  to  a system  without  digital  signal 
processing  invariably  causes  problems.  Let's  look  at 
some  examples  (in  systems  without  digital  signal 
processing). 

Filtering 

I've  seen  people  work  very  hard  to  eliminate  all  higher 
frequency  components  from  their  signal  before  applying  it 
to  their  A/D  because  they  remember  that  aliasing  can 
occur.  Aliasing  is  caused  when  sample  clock  and  signal 
frequency  mix  or  "beat."  This  beat  frequency  cannot  be 
distinguished  from  a real  signal  of  that  frequency  after 
sampling.  (There  are  special  exceptions  to  this  rule.)  After 
all,  this  is  what  they  were  taught  and  this  is  what  they're 
going  to  do!  Unfortunately,  blind  faith  is  a poor  virtue  in 
engineering. 

Here's  an  example:  A robot  had  photo-interrupters  on 
two  wheels  that  were  used  to  determine  rotation  rate  and 


LabJack 

U12 

Available  now  for  only  ... 

$ 1 1 9 qty  1 

($99  qty  10+) 

USB  Data  Acquisition 
& Control 


* Built-in  screw  terminals 

* Easy-to-use  USB 

* Everything  included 

* Use  with  C,  VB,  LabVIEW,  etc. 

* Windows  98SE/ME/2000/XP 


* 12-bit  analog  inputs  (8) 

* 10-bit  analog  outputs  (2) 

* 20  digital  I/O 

* 32-bit  counter 


Nyquist  Nonsense 

It  is  true  that,  if  you  sample  more  than  twice  the  highest 
frequency  of  interest  (Nyquist  limit),  you  can  recover  the 
complete  signal,  but  it  is  only  true  if  you  process  those 
samples  with  a Fast  Fourier  Transform  (FFT)  or  other 
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wheel  position.  These  signals  peaked 
at  3 volts  and  were  roughly  rectangular 
in  shape,  so  an  A/D  was  used  (rather 
than  a digital  method).  We  all  know 
that  square  or  rectangular  wave 
shapes  have  loads  of  higher-order 
harmonics,  so  a filter  was  needed. 
Right? 

Unfortunately,  in  this  case,  filtering 
simply  made  things  very  bad.  The 
filters  actually  worked  very  well.  The 
resultant  wave  looked  very  much  like 
a sine  wave.  All  the  higher  frequency 
components  were  removed,  but  what 
really  happened  was  that  the  system 
was  changed  from  measuring  time 
relationships  to  voltage  relationships. 
A little  dirt  on  the  sensor  changed  the 
voltage  levels,  which  the  software 
saw  as  a changed  wheel  position. 
Performance  was  poor.  Removing 
the  filter  made  things  much  better. 
Why? 

It  goes  back  to  the  sample-hold 
we  talked  about  before.  First,  there 
was  the  RC  network  that  acts  like  a 
low-pass  filter,  but  — much  more 
importantly  — the  sample-hold  was 
disconnected  from  the  signal  during 
conversion.  All  those  higher  order 
harmonics  were  not  present  in  the 
"held"  sample. 

Fundamentally,  the  analog  signal 


was  changed  to  a stepped-DC  signal, 
which  significantly  reduced  the 
high  frequency  components  automat- 
ically. (This  is  not  true  for  some 
special  very  high  speed  A/Ds.) 

I don't  think  I've  ever  used  an 
anti-aliasing  filter  on  a pC  product. 
I've  filtered  to  reduce  noise,  to  elimi- 
nate strong  RF  (which  can  really 
create  problems),  and  to  clean  up 
signals.  You  will  need  a filter  if  you  are 
going  to  recreate  the  input  signal  with 
digital  signal  processing  or,  perhaps, 
if  you  are  sampling  a signal  close  to 
the  Nyquist  limit.  If  you  know  what 
your  input  signal  is  and  how  your  A/D 
works,  you  really  should  be  able 
to  anticipate  most  near-Nyquist 
problems. 

Amplitude  Errors 

No  A/D  will  ever  provide  you 
with  the  precise  maximum  or  mini- 
mum value  for  a sine  wave.  It  may 
be  close.  It  may  be  so  close  that  it 
doesn't  matter,  but  it  won't  be  exact. 
If  you  think  about  it,  it  becomes 
clear.  The  sample-hold  capacitor  is 
connected  to  the  signal  for  a finite 
time.  During  that  time,  it  effectively 
averages  the  signal.  Therefore,  the 
single  peak  value  will  be  diluted  with 


lower  than  peak  values  (and  vise 
versa  for  the  minimum  value),  but 
this  isn't  the  major  cause  of  ampli- 
tude errors.  The  biggest  source  of 
amplitude  errors  comes  from  the 
sampling  rate. 

Let's  look  at  an  example.  You 
have  a 1,000  Hz  sine  wave  that  you 
sample  at  100,000  Hz.  It  seems  like 
100  samples  per  cycle  should  be 
adequate,  right?  If  you  use  100 
conversions  per  sine  wave,  you  will 
have  one  conversion  every  3.6 
degrees.  So,  you  can  have  up  to  a 
3.6  degree  error  in  amplitude.  At  the 
zero  crossing  point,  this  corresponds 
to  a 6.3%  amplitude  error.  You  may 
have  thought  that  your  eight-bit  A/D 
converter  would  provide  0.4%  error. 
In  reality,  you  will  have  only  6.7% 
error  (6.3%  + 0.4%). 

How  many  samples  per  cycle  are 
needed  for  one  LSB  error?  With  eight 
bits,  there  are  256  amplitude  levels, 
with  the  worst  case/largest  level 
being  0.224  degrees  (inverse  sine  of 
1/256).  There  are  about  1,607  of 
these  increments  per  360  degrees 
(360/0.224).  This  means  that  you 
have  to  sample  at  1,607  samples  per 
cycle  or  1.607  MHz  for  a maximum 
0.4%  amplitude  error.  Don't  forget  to 
add  in  the  basic  A/D  error  of  0.4%  for 
a total  error  of  0.8%.  Faster  sampling 
will  reduce  the  error,  but  you  will 
always  have  a minimum  A/D  error  of 
0.4%. 

Frequency/Period 

Errors 

Generally,  you  don't  directly 
measure  the  frequency  of  a signal 
with  an  A/D.  Rather,  you  measure 
the  period  of  a single  cycle  and  invert 
it  to  get  the  frequency.  Naturally, 
there  are  errors  that  show  up  here, 
as  well. 

Let's  look  at  our  1,000  Hz  signal, 
sampled  at  100,000  Hz.  As  we  noted 
above,  each  sample  is  3.6  degrees 
and,  therefore,  the  basic  error  can  be 
3.6  degrees.  This  means  that,  instead 
of  360  degrees  per  period,  it  could  be 
356.4  degrees.  This  is  an  error  of  1% 
(obviously,  because  we  are  sampling 
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at  100  samples  per  cycle).  If  we 
measure  from  zero  crossing  to  zero 
crossing  point  (the  proper  method), 
the  basic  A/D  error  is  0.224  degrees 
(see  above).  So,  our  total  error  can  be 
a maximum  of  3.82  degrees  or 
1.06%.  The  1,000  Hz  signal  might  be 
measured  as  1,060  Hz.  Again,  this 
is  well  in  excess  of  the  basic  0.4% 
eight-bit  A/D  error. 

You  can  improve  things  by  sam- 
pling faster.  You  will  need  to  sample 
every  1.44  degrees  (0.4%  of  360)  or 
250  samples  per  cycle  to  match  the 
A/D  error  of  0.4%.  For  our  1,000  Hz 
signal,  this  comes  to  a 250,000  Hz 
sample  rate. 

Another  way  to  increase  the 
accuracy  of  your  measurements  is 
to  measure  multiple  cycles.  This  is 
usually  easy  to  do.  Count  10  cycles 
instead  of  one  for  a 10-fold  increase 
in  accuracy.  This  spreads  the  error 
over  10  cycles  and  reduces  the  per- 
cycle  error  by  10.  (Many  hardware 
frequency  counters  do  this.  Some 
count  1,000s  of  cycles  for  very  high 
accuracy.) 

Phase  Errors 

The  last  basic  error  is  phase. 
(Amplitude,  frequency,  and  phase 
define  any  signal.)  Basically,  this  is  a 
delay  error  from  the  sampling  and 
conversion  process.  This  is  probably 
the  most  obvious  error  of  the  three. 
Generally,  it  is  usually  the  least 
significant.  However,  there  are  times 
when  phase  error  can  be  really 
nasty. 

First,  how  much  error  is  there? 
With  100  samples  per  cycle,  the  error 
is  1%  or  3.6  degrees.  However,  this  is 
only  due  to  the  sampling  error.  There 
is  also  the  acquisition  error.  This 
depends  on  how  long  the  sampling 
process  takes.  Usually,  this  is  much 
less  than  the  sampling  error,  but  it  is 
important  to  verify  that.  (We  will 
ignore  that  factor  because  it  is  A/D 
dependent.) 

The  worst  case  phase  error 
from  the  A/D  comes  at  the  peak 
and  trough  of  the  sine  wave  where 
the  amplitude  changes  take  a 

JANUARY  2005 


relatively  long  time.  This  is  the 
opposite  of  the  frequency  error 
above.  The  amplitude  error  can  be 
1/256  of  full-scale.  This  corre- 
sponds to  0.996  instead  of  1.000 
(full-scale  equals  1.000).  The 
inverse  sine  of  0.996  is  about  85 
degrees.  This  is  a difference  of  5 
degrees  from  the  proper  value  of 
90.  Add  this  5 degree  error  to  the 
sampling  error  of  3.6  degrees  and 
there  is  a whopping  8.6  degree 
potential  phase  error  (or  9.5%)  at  90 
degrees.  This  is  nearly  25  times 
worse  than  the  basic  A/D  error 
of  0.4%. 

How  fast  do  we  need  to  sample 
to  get  the  phase  error  down  to  our 
basic  0.4%  A/D  amplitude  error? 
Quite  simply,  you  can't  get  there 
from  here.  We  just  saw  that  there  was 
an  inherent  5 degree  error  due  to  the 
step-size  of  our  eight-bit  A/D.  An 
eight-bit  A/D  is  just  not  good  enough 
to  resolve  1.44  degrees  (0.4%  of  360 


degrees).  We  will  need  a step-size  of 
0.03%,  which  corresponds  to  about 
3,000  steps  — which  means  a 12-bit 
A/D  converter. 

Here's  how  those  values  were 
determined.  Our  desired  resolution  is 
1 .44  degrees.  The  worst  case  point  is 
at  90  degrees.  So,  we  have  to  be  able 
to  resolve  the  difference  in  amplitude 
between  90  degrees  and  88.56 
degrees  (90-1.44).  The  sine  of  90 
degrees  is  1.000  and  the  sine  of 
88.56  degrees  is  0.99968.  They  differ 
by  0.00032.  This  defines  the  mini- 
mum step-size  necessary  (with  a 
full-scale  of  1.000).  There  are  3,125 
steps  of  0.00032  in  a full-scale  value 
of  1.000  (or  1/3125).  A 12-bit  A/D 
has  4,096  steps. 

We  still  have  to  sample  faster, 
too.  We  saw  that  100  samples  per 
cycle  yielded  a 3.6  degree  error.  It's 
easy  to  calculate  our  sampling  speed 
for  1 .44  degrees  per  sample.  It's  just 
360/1.44  or  250  samples  per  cycle. 
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With  our  1,000  Hz  signal,  our  new 
sampling  speed  is  250,000  Hz  (with  a 
12-bit  A/D). 

Think 

The  purpose  of  these  exercises 
is  to  show  how  carelessness  can 
create  significant  problems.  It's 
important  to  stop  and  think  about 


what  actually  happens  during  an 
A/D  conversion.  It's  important  to  be 
able  to  determine  these  fundamental 
sources  of  error. 

Also,  of  course,  it's  critical  to 
understand  how  these  errors  can 
affect  your  design. 

Most  of  the  time,  you  should 
have  a good  idea  of  what  signal  you 
expect  your  A/D  to  see.  You  should 


always  know  what  is  to  be  done  with 
the  A/D  data,  even  if  that  is  not  your 
job.  It  makes  no  sense  to  design 
eight-bit  hardware  when  the  software 
requires  12  bits  of  resolution.  Many 
times,  the  A/D  is  only  measuring  a 
slowly  varying  signal,  which  is 
essentially  DC  (like  room  tempera- 
ture). 

In  such  cases,  the  error  consider- 
ations are  simple,  but  don't  think  all 
situations  are  like  that.  It  can't  be 
over-emphasized  that  you  need  to 
know  which  signal  parameters  are 
important  (amplitude,  frequency, 
phase)  and  how  to  determine  the 
error  budget  for  your  application. 

Error  Is  in  the  Eye 
of  the  Tester 

You  may  have  noticed  that  there 
are  a number  of  ways  to  calculate  the 
above  errors. 

For  example,  you  might  argue 
that  the  worst  case  frequency  error 
should  be  measured  from  peak  to 
peak  rather  than  from  zero  crossing 
to  zero  crossing.  The  zero  crossing 
procedure  gives  a smaller  error. 
Conversely,  the  phase  error  could  be 
reduced  by  measuring  zero  crossings 
rather  than  peaks. 

"Standard  engineering  practice" 
dictates  how  these  errors  are  meas- 
ured. However,  I am  not  aware  of 
any  reference  that  details  what 
"standard  engineering  practice" 
actually  is.  There  are  books  on 
"standard  methods,"  but  these  are 
chemical  analytical  techniques.  I'm 
also  sure  that  there  are  probably 
references  in  various  text  books  and 
manuals  that  provide  occasional 
examples,  but  I haven't  found  any- 
thing like  a collection  of  standard 
engineering  practices.  (If  you  know 
of  such  a collection,  let  me  know.) 
These  techniques  are  usually 
learned  from  experience. 

First,  all  errors  should  be  defined 
as  worst  case  errors.  "Average"  errors 
or  "typical"  errors  should  never  be 
used  without  first  stating  — very  clear- 
ly — what  the  worst  case  error  actually 
is.  Proper  engineering  must  always 
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account  for  the  worst  case  scenario. 
Otherwise,  failures  will  occur.  Some 
failures  are  trivial.  Others  can  be  cata- 
strophic. No  good  engineer  tolerates 
a failure  based  on  faulty  error  esti- 
mates or  wishful  thinking. 

So,  why  is  the  above  frequency 
error  not  the  absolutely  worst  error 
possible?  It's  because  the  accepted 
practice  is  to  measure  the  frequency 
of  a signal  with  the  zero  crossing 
points.  There  are  two  basic  reasons 
for  this.  The  first  is  that  it's  pretty 
easy  to  determine  the  zero  crossing 
points.  The  second  is  that  the  steep- 
est slope  of  the  sine  wave  is  there, 
which  makes  the  measurement  the 
most  precise.  The  error  calculated 
above  is  the  worst  case  using  standard 
engineering  practice. 

The  phase  error  is  not  measured 
that  way  because  proper  phasing 
implies  that  there  are  two  systems 
working  together.  (Any  phase  meas- 
urement must  relate  to  another  phase 
measurement.) 

Typically,  phase  measurements 
are  used  in  motors  or  positioning 
systems.  In  such  applications,  phase 
comparisons  are  required  over  the 
whole  360  degree  range.  Therefore, 
the  worst  case  error  must  be  defined 
for  a full  360  degrees.  This  is  very 
different  from  the  frequency  meas- 
urement that  only  required  two  points 
on  that  360  degree  interval. 

Reducing  the  Errors 

There  are  two  common  ways  to 
reduce  basic  errors  at  the  A/D.  As 
noted  above,  you  can  increase  the 
sampling  speed  or  increase  the  reso- 
lution. You  can  also  use  software. 
Probably  the  easiest  method  is  to  use 
multiple  measures.  I've  discussed 
this  previously  in  my  "Statistics" 
columns  (May  and  June  2004). 
Very  briefly,  you  can  increase  the 
precision  of  a system  by  taking 
repeated  measurements  of  the  same 
signal  and  averaging  them.  The  noise 
in  the  measurements  will  tend  to 
cancel,  while  the  true  signal  will  tend 
to  reinforce  itself. 

In  theory,  you  can  generally 
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expect  a decrease  in  error  that  is 
equal  to  the  square  root  of  the 
number  of  measures.  (Four  measures 
reduces  the  error  by  a factor  of  two; 
100  measures  reduces  it  by  a factor 
of  10.)  There  are  other,  more  compli- 
cated methods,  as  well.  No  error 
reduction  system  is  suitable  for  every 
application.  Be  sure  the  method  you 
choose  is  appropriate. 


Conclusion 

Using  a basic  low  speed  A/D  is 
not  always  as  simple  as  it  first 
appears.  Amplitude,  frequency,  and 
phase  errors  may  be  much  larger 
than  expected.  Knowing  how  to 
anticipate  and  calculate  these 
errors  is  an  important  part  of  data 
acquisition.  NV 
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QUESTIONS 

I have  an  RV  and  I installed  a 
homemade  electronic  rear-view 
mirror.  I already  had  a 5”  monitor  and 
connected  it  to  a $39.00  CMOS  black- 
and-white  camera  with  0.1  lux  light 
sensitivity.  It  works  fine,  but  the  image 
is  opposite  from  a mirror  view  when 
viewed  on  the  monitor.  I solved  the 
problem  by  pointing  the  camera 
vertically  into  a mirror  positioned  at 
45  degrees  to  the  rear. 

There  are  cameras  with  mirror 
switching  capabilities,  but  I’ve  been 
unable  to  locate  one  with  0.1  lux  or 
better  sensitivity.  I would  like  to  know 
about  modifying  an  existing  unit  or  if 
reversing  the  function  is  built  into  an 
LSI  chip  where  I can’t  get  to  it?  A 


functional  diagram  or  schematic  of  a 
camera  would  be  helpful. 

#1051  Anonymous 

via  Internet 

I am  looking  for  a simple  on/off 
switch  that  can  be  triggered  by 
electrodes  placed  on  the  skin.  It 
needs  to  have  a sensitivity 

adjustment.  I would  also  like  to  have  it 
opto-isolated  for  safety.  Any 

suggestions  or  places  I can  look? 
#1052  Chris  Tauscher 

via  Internet 

I have  acquired  an  HP  7580b 
plotter  that  is  mechanically  sound. 
When  I turn  it  on,  E02  is  displayed 
after  a self-test.  The  operator  manual 
says  it’s  a microprocessor  error/ROM 
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and  Email.  Only  your  name,  city,  and  state  will 
be  published  with  the  question,  but  we  may 
need  to  contact  you. 


checksum  error.  When  I plot  a 
drawing,  it  plots  to  one  side  and  only 
half  of  the  drawing  is  on  the  page.  HP 
does  not  support  this  plotter  any 
more  and  I am  having  trouble 
acquiring  information  on  how  to 
troubleshoot.  Where  should  I start? 
#1053  Alex  Malachowski 

via  Internet 

Anyone  know  of  an  after-market 
lens  to  convert  a common  PC  board 
camera  into  a microscope  with  a 
magnification  between  60  and  150X? 

#1054  JoeR. 

via  Internet 

I recently  purchased  a 
communications  test  set  for  aligning 
my  ham  radio  related  equipment.  The 
output  generator's  frequency  is  set 
using  thumbwheel  switches.  Although 
I have  had  no  trouble  aligning 
receivers  with  this  piece  of  test 
equipment,  I got  quite  a surprise 
when  I attached  three  frequency 
counters  to  the  output.  The  readings 
go  wild,  but  — when  I connect  them  to 
older  signal  generators  — the 
responses  are  as  expected.  After 
hooking  the  test  set  to  my 
oscilloscope,  I saw  the  reason.  The 
signal  generator  is  synthesized,  not  a 
pure  sign  wave,  and  is  chock  full  of 
harmonics. 

How,  if  at  all,  can  I filter  the 
output  sufficiently  so  a frequency 
counter  can  be  properly  used?  A 
series  of  low  pass  filters  lined  up  to  be 
switched  in  and  out  up  to  1 GHz 
seems  a little  far  fetched. 

#1055  John  Ciperano  K4EBC 
via  Internet 

I’d  like  to  use  XI 0 cameras  and 
receivers  — such  as  those  sold  by 
www.xl0.com  — to  beef  up  the 
security  of  my  home,  inside  and  out. 

The  problem  is  that  the  units  do 
not  secure  their  transmissions,  which 
leaves  me  vulnerable  to  outsiders 
seeing  inside  my  home,  knowing 
where  things  are,  and  whether  or  not 
someone  is  at  home.  I’ve  contacted 
the  resellers  and  they  confirmed  they 
have  no  security. 
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Can  anyone  suggest  a means  to 
securely  transmit  data  from  the  XI 0 
cameras  to  the  receivers?  External 
methods  are  okay,  but  I suspect 
tapping  inside  connections  would 
work  best. 

#1056  Errol  White 

via  Internet 

Regarding  reading  an  ADC 
output  from  an  aperture  opening, 
then  advancing  film  or  paper  to  be 
cut,  I understand  the  ADC  and  the 
electronics.  I know  little  about 
programming;  could  this  be  done 
with  a PIC? 

#1057  Arthur  Williams 

Ashland  City,TN 

I'm  using  an  LM3909  in  a circuit 
to  control  a flashing  red  and  green 
light  on  a model  railroad.  Is  there  a 
pin-for-pin  replacement  for  it?  If  not,  is 
there  one  that  isn't  pin-for-pin? 

#1058  R.Thompson 

Richmond,  MO 

ANSWERS 

[204 1 0 - February  2004] 

I have  a surplus  VFD  display 
module , but  no  specs.  It  looks  like 
one  of  those  large  cash  register 
displays  that's  mounted  on  a pole. 
Inside  is  a pair  of  Futaba 
M202LD01DA  vacuum  fluorescent 
displays.  The  interface  cable  has 
eight  pins  where  20  VDC  power  is 
applied  and  an  RS-485  serial 
interface  is  used  to  talk  to  the 
modules. 

I,  too,  have  one  of  these  displays. 
I talked  to  the  engineers  at  Futaba, 
who  said  that  this  display  unit  is  a 
customer-proprietary  product  and  no 
information  is  available. 

They  did  allude  to  the  fact  that 
the  ROM  uses  a completely 
unorthodox  pattern  for  addressing  the 
display.  I’ve  searched  the  Internet 
without  success  and  even  pulled  a few 
strings  at  Futaba  with  the  same 
results.  Sorry. 

Ed  Edmondson,  Jr.,  Ph.D. 

Alamosa,  CO 


[3046  - March  2004] 

Does  anyone  have  a simple 
circuit  that  uses  an  IR  sensor  to 
trigger  a camera?  I'd  like  to  snap 
pictures  of  the  nocturnal  visitors  in 
the  backyard  of  my  country  home. 

#1  A simple  solution  — though 
perhaps  expensive  — is  to  buy  a 
Stealth  Cam.  Sportsman's  Guide 
(www.Sportsmansguide.com  or 
800-882-2962)  has  two  models  on 
their  website  These  units  are  self- 
contained,  weatherproof  35  mm 
cameras.  They  use  standard  35  mm 
film  slides  — print  or  black-and-white. 
They  sense  motion  and  take  pictures 
with  flash.  They  have  options  for  how 
many  pictures  at  a time  and  how  long 
to  delay  between  pictures.  The 
cheapest  is  part  number  WX2-73967 
at  $79.97. 

Jim  Schmidt 
Deer  Lodge,  MT 

#2  Buy  an  IR  floodlight  (motion- 
sensing flood  light)  unit  at  Home 
Depot.  Remove  the  floodlight  lamp 
sockets  and  wire  a relay  with  a 120 
VAC  coil  in  place  of  one  of  the 
sockets.  Control  the  camera  with  the 
relay  contacts.  The  cost  is  about 
$10.00  for  the  sensor  and  $5.00  for 
the  relay. 

Anonymous 
via  Internet 

[50410  - May  2004] 

I have  an  old  keyboard  (from  a 
Wyse  2108  computer ; vintage  1988 
or  so).  It  has  a fantastic  touch  that  I 
have  been  unable  to  find  in  modern 
keyboards.  I've  tried  all  24  possible 
combinations  of  the  four  signals  in 
an  adapter  cable,  but  none  of  them 
works.  I'm  guessing  that  there  is 
some  other  incompatibility 
preventing  this  old  keyboard  from 
working  on  a more  modern 
computer. 

The  Wyse  2108  is  not  a 
computer,  but  a terminal.  What  you 
can  do  is  use  it  at  such  by  installing 
Linux  on  your  PC  and  connecting  the 
Wyse  to  a serial  port  that  is 


configured  as  a terminal  line. 
Unfortunately,  you  can  only  use  shell 
commands  on  your  terminal  and  not 
all  the  fancy  graphics  environments 
and  applications  that  are  available  for 
Linux  nowadays. 

Therefore,  a better  solution  for 
your  question  is  to  get  an  old  PS/2  or 
USB  keyboard  for  free  somewhere  in 
the  garbage  or  at  a flea  market.  Each 
keyboard  has  a controller  that 
converts  keys  connected  in  a matrix 
to  the  PS/2,  USB,  or  other  bus 
protocol.  (The  first  IBM-PC  keyboards 
back  in  the  1980s  were  equipped  with 
the  8048  microcontroller.)  Your  task 
now  is  to  connect  the  Wyse  terminal 
keys  to  the  matrix  of  the  controller 
which  was  obtained  from  the 
“garbage”  keyboard. 

Gerrit  Polder 
The  Netherlands 

[9042-  September  2004] 

/ am  trying  to  find  info  on  a kit 
that  was  offered  back  in  Radio 
Electronics  Magazine  called  the 
FlyperClock.  It  was  offered  by  an 
outfit  named  SkiTronix  around 
1991.  I built  one  back  in  high 
school  and  it  has  just  now  failed.  I 
cannot  locate  the  schematics  or 
magazine  issue  that  featured  it. 
Searching  the  web  has  not  yielded 
anything. 

This  was  answered  by  many  H&V 
readers,  but  William  Richter  was  the 
first  to  supply  a photocopy  of  the 
actual  article  to  Rich  White.  Thanks, 
William!  — Editor  Dan 

[10046-  October  2004] 

/ just  installed  new  AT  & T 2.4 
GHz  phones:  a base  and  three 
handsets.  How  — if  all  the  phones 
are  in  their  charging  cradles  — I get 
big,  double  horizontal  bars  on  TV 
channels  4 and  5 and  buzz  on  my 
portable  FM  radio.  If  the  phones  are 
out  of  their  cradles,  everything  is 
okay. 

They  are  no  doubt  using  pulse 
width  modulation  to  regulate  battery 
charging  and  the  shielding  is  poor. 
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Try  purchasing  a choke  core 
(RadioShack  273-104)  and  wind  the 
power  cord  through  it  per  the 
directions.  Put  the  choke  as  close  to 
the  base  unit  as  possible.  If  that  is 
not  sufficient,  try  wrapping  the  base 
units  in  aluminum  foil.  If  that  works, 

I would  return  them  and  demand  my 
money  back. 

Russ  Kincaid 
Milford,  NH 

[10047-  October  2004] 

I've  just  picked  up  a couple  of 
6"  neon  light  tubes  that  I want  to 
put  Into  my  PC.  The  tubes  were 
sold  for  automotive  use  and  have 
power  converters  —12  VDC/150 
mA  in , 1,000  V/15  mA  out.  I could 
buy  a module  that  will  "blink"  the 
lights  to  music,  but  I want  a 
different  effect. 

I want  the  lights  to  appear  to 
" breathe " — slowly  dimming  to 
some  adjustable  level  (maybe  30- 
40%)  and  then  going  back  to  full 
brightness  again  without  pause. 


Sj 
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In  short,  you  cannot  slowly  dim 
a neon  tube.  You  can  flash  the  tube 
on/off,  but  not  partially  dim  it.  Any 
neon  gas  discharge  tube  has  a 
distinct  voltage  value  where  it  will 
begin  conducting  current.  Any 
voltage  below  the  turn-on  point  will 
do  nothing  to  the  tube  because  the 
tube  has  a very  high  resistance 
between  its  terminals  (so  no  current 
can  flow  and  no  glow  is  emitted). 
Once  the  turn-on  voltage  is  reached, 
the  resistance  across  the  terminals 
drops  very  low  and  the  neon  gas 
conducts  current  emitting  the  glow 
you  see. 

The  voltage  — say  1,000  volts  — 
must  be  current  limited  to  only  a few 
tens  of  milliamps,  typically.  This  can 
be  done  with  a series  resistor  or 
electronically  in  the  design  of  the 
power  supply.  An  increase  in  the 
specified  operating  voltage  or 
current  may  make  the  tube  slightly 
brighter,  but  at  a great  reduction  to 
its  life.  Lowering  the  voltage  will 
make  almost  no  change  in  brilliance 
and  then,  suddenly  — when  the  cut- 
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off  voltage  is  reached  — the  tube  will 
stop  conducting. 

Input  is  given  at  12  volts  DC. 
You  cannot  decrease  this  voltage,  as 
the  power  supply  will  not  work 
properly  and  increasing  significantly 
above  1 2 volts  may  result  in  damage 
to  the  tube  or  power  supply. 

Erik  von  Seggern 
via  Internet 

[I  1041-  November  2004] 

Does  anyone  know  of  a source 
or  replacement  for  a 95H0359  180 
MHz  triple  or/nor  gate  IC?  It  was 
used  in  a Heathkit  IB-1103 
frequency  counter,  part  number 
443-79. 

I would  consider  buying  a 
complete  unit  (eBay)  as  spare  parts. 

I see  IB-1 103s  selling  in  the 
$10.00-$20.00  range.  This  way,  you 
will  have  a complete  set  of 
replacement  parts  — including  the 
nixie  tubes  — should  other  parts  fail. 

If  you  know  the  internal  logic  of 
the  device  (sometimes  this  will  be 
shown  on  the  schematic),  it  may  be 
possible  to  replace  the  device  with  a 
programmable  logic  device.  Just 
make  sure  that  the  supply  voltage  is 
correct  because  some  of  Heathkit's 
digital  logic  ran  in  the  3 V range,  not 
5 V.  Have  a look  at  the  PALCE16V8 
(AMD),  GAL16V8  (Lattice),  and 
XC7500  (Xilinx)  series  of  devices. 

I'd  try  Motorola  and  National 
Semiconductor  Databooks.  The  part 
may  have  been  given  an  OEM  part 
number  for  sale  to  Heathkit,  but 
most  likely  it  was  also  sold  as  a 
standard  device  under  a more  well- 
known  part  number.  If  it  is  a 5 V 
device,  try  looking  in  the 
7400/74LS/74ALS/74F  series  for  a 
device  with  the  same  functionality 
and  pinout. 

Phillip  Stevens 
Pocasset,  MA 

[I  1044-  November  2004] 

/ need  a variable  speed  PWM 
controller  that  can  drive  a brushed 
DC  motor  at  48  volts  (or  higher) 
and  at  about  200  or  300  amps. 


Is  there,  perhaps,  a kit?  It's  for 
an  electric  bike. 

While  I do  not  know  of  any  kits 
with  those  ratings,  you  should  check 
with  your  local  forklift  dealer  about  a 
"General  Electric  'EV-l'"  controller. 
They  are  used  in  a lot  of  forklifts  and 
have  the  ratings  that  you  require. 
They  seem  to  work  forever  without 
much  — if  any  — maintenance. 

Ron  Baxter 
Hayward,  CA 

[I  1047-  November  2004] 

/ am  trying  to  find  articles  on 
building  a DC  accumulating 
ammeter,  similar  to  an  AC 
watt/hour  meter.  It  will  be  used  to 
monitor  the  charge/discharge  of  an 
“off  the  grid ” home  power  source. 

The  exact  solution  to  this 
question  was  published  in  the 
November  1994  issue  of  Popular 
Electronics  Magazine  as  a 
construction  article  starting  on  page 
50.  It  is  an  easily  constructed  battery 
ampere-hour  meter  that  is  powered 
by  a 9 V battery.  It  works  in  both 
directions  and  will  accumulate  the 
number  of  Ah  delivered  to  a load  or 
to  a battery  under  charge. 

The  load  current  is  passed 
through  a 0.1  Q resistor  connected 
to  a linear  current-to-voltage 
converter  that  provides  1 V per 
ampere  output.  A Teledyne  voltage- 
to-frequency  converter  chip  — 
TC9402CFD  — is  used  to  convert  the 
detected  voltage  to  a frequency.  The 
output  frequency  of  the  Teledyne 
chip  is  adjusted  to  582.5  Hz  when 
the  detected  current  is  0.1  ampere. 

A CD4045  binary  divider  chip  is 
used  to  divide  the  582.5  Hz  down  to 
a frequency  of  0.000278  Hz,  which  is 
1 pulse  per  hour  for  each  0.1 
ampere  of  current.  This  is  followed 
by  a set  of  two  CD4029  counter 
chips  driving  a pair  of  LCD  display 
modules,  which  provide  a two-digit 
display  of  the  ampere-hour  count  in 
increments  of  0.1  Ah. 

Anthony  J Caristi 
Waldwick  NJ 
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Pico  Technology  Ltd.  UK 10 

Saelig  Company 31, 40 

Smartronix 39 

Trace  Systems,  Inc 79 


TOOLS 


C & S Sales,  Inc 75 

CAIG  Laboratories,  Inc 91 


VIDEO 


Multilabs 37 


WIRE/CABLE 
& CONNECTORS 


Jameco 27 

Smartronix 39 
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CircuitSpecialists.com 


CircuitSpecialists.com 


CircuitSpecialists.com 


/Digital  Storage  Oscilloscope  ModuleN  f ESD  Safe  Thru-HoleX 


/Digital  Laser  TachonSeter 


PC  based  Digital  Storage 
Oscilloscope,  200MHz  5GS/s  1 
equiv.  sampling  USB  interface 


Details  & Software 
Download  at  Web  Site 

> Test  Equipment 


Convert  any  PC 
with  USB  interface 
to  a high  perform- 
ance Digital  Storage 
Oscilloscope.  This 
is  a sophisticated 
PC  basedscope 
adaptor  providing 
performance  com- 
patible to  mid/high 
level  stand  alone 
products  costing 
much  more!  Comes 
with  two  probes. 


> Oscilloscopes/Outstanding  Prices 

Item#  200DSO  Only$859.00 


Soldering/Desoldering 
Repairing  System 


Item#  CSI701  rt 

jm 

$199.00! 


High  precision  thermostatically 
controlled  station  w/  35 W Iron 
& desolder  gun.  Built-in  double 
cylinder  vacuum  pump. 

Details  at  Web  Site 

> Soldering  Equipment  & Supplies 
k > Rework  Stations  j 


•5  digit,  6”  LCD  Display 
•2.5-99,999  RPM 
test  range 
•Auto-Ranging 
•2”  to  80”  test  range 
•memory  function 

Details  at  Web  Site 


> Test  Equipment  > Specialty  Test  Equipment 


($49^00T) 


Item# 

DT-6234C 


^T 


_ 


sen 

mm 


/c 


ircuit  Specialists  Soldering  Station 
w/Ceramic  Element  & Seperate 
Solder  Stand 

•Ceramic  heating  element  for  more  accurate 
temp  control 

•Temp  control  knob  in  F(392°  to  896°)  & 

C(200°  to  489°) 

•3 -prong  grounded  power  cord/static  safe  tip 
•Seperate  heavy  duty  iron  stand 
•Replaceable  iron/easy  disconnect  jtem# 

•Extra  tips  etc.  shown  at  web  site  S TATI  ONI 


Rapid  Heat  Up! 


Also  Available  w/Digital  Display 
& Microprocessor  Controller 
Item# 

CSI-STATION2 


$49.95 


Details  at  Web  Site 


SMD  Hot  Tweezer, 
Adaptor  Fits  CSI 
Stations  1 & 2,  ai 
also  CSI906 


$29.00 


Item# 
CSITWZ-STATION 


> Soldering  Equipment  & Supplies  > Soldering  Stations 


/ Triple  Output  Bench  Power  Supply\ 

with  Large  LCD  Displays 
Output:  0-30VDC  x 2 @ 3 AMPS 
& lea.  fixed  output  @ 5VDC@3A 
Source  Effect:  5xlO"4=2mV 
Load  Effect:  5xlO-4=2mV 
Ripple  Coefficient::  <250uV 
Stepped  Current:  30mA  +/-  1mA 

CSI3003X3  S1 79.00  Input  Voltage:  110VAC 
(qty  5+/$169.00)  Details  at  Web  Site 

> Test  Equipment  > Power  Supplies  J 

Item#  CSI825A++ 

Microprocessor 
Controlled  ! 

Includes  4 Nozzles! 

FANTASTIC 
VALUE!! 


Onl 

$199 


l.  00 ! 


SMD  RE-WORK  SYSTEM 

w/Vacuum  Pick-up  tool 

Details  at  Web  Site 

> Soldering  Equipment  & Supplies  > Rework  Stations ^ 

AmD  RE-WORK  SYSTEM  w/Solder  Iron' 
Item#  CSI906 


ytev 


High  Basic  Accuracy/True  RMS  Digital  Multimeter 


This  True  RMS  meter  provides  the  user  with  a low  cost 
alternative  when  a high  basic  accuracy  is  required,  espe- 
cially if  the  application  requires  a certificate  of  cali- 
bration. If  your  facility  is  ISO  certified  and  needs  to 
maintain  calibration  certificates,  we  supply  this  product 
at  a fraction  of  the  cost  you  would  expect  to  pay.  Each 
unit  is  calibrated  by  the  manufacturer  implementing  a 
state  of  the  art  Fluke  calibrator,  meeting  NIST  standards. 

x Details  at  Web  Site 


Only 

$89.00! 


•Auto  Ranging  High  Voltage  test 
up  to  1000VDC  and  750 VAC 
•6000  count  Jumbo  LCD  display 
•High  Accuracy(basic  accuracy  0.3%) 
•Exclusive  Patented  MCU  con- 
trolled ATLII  technology 
> Digital  Multimeters/World  Beater  Prices 


Incredible 
Deal.,  only 

$169.00! 

Includes  4 Nozzles! 


Details  at  Web  Site 


^^^olderin^Equipment&Supp^^ 

/500W  Heat  Shrink  Gun  item#ZD509\ 

With  a temperature  range  of  392°F  to  932°F  & 
two  power  settings,  800W  and  1500W,  it  will 
shrink  tubing  effortlessly.  A thermo-control 
rotating  knob  on  the  rear  of  the  unit  will  adjust 
the  temperature  electronically  for  precise  con- 
trol, while  the  three-way  trigger  switch  adjusts 
the  speeds.  Comes  complete  with  a concentra- 
tor air  nozzle  and  a retractable  stand. 

Details  at  Web  Site  Only  $18.95 


P 


Protek  100MHz  Realtime  Scope 

Brand  New 


2 Ch  Dual  Trace 
6”  Internal  Grid 
ALTMAG 
ALTTRIG 
TV  Sync 
5 Vertical 
Modes 


pa 


:: " 


Not  Refurbished! 
Includes  / scope  probes 


Super 

Blowout 

Price! 


> Heat  Shrink  Tubing  SoftTube  Our  Own  Brand 


Item#  6510 

Details  at  Web  Site 


A $975.00  Value! 

100MHz  only  $499.00 

While  Supplies  Last! 


> Test  Equipment  > Oscilloscopes/Outstanding  Prices^ 

Hot  Air  Gun  w/Digital  Display  for  SMD’s 


Now,  precise  temperature  and  airflow  control  is 
at  your  finger  tips  with  this  digitally  controlled 
Hot  Air  Gun.  Quickly  solder  and  de-solder  DIP, 
BGA  and  SMT  electronic  components.  Plus,  be 
able  to  shrink,  "Heat  shrink  tubing". 

Details  at  Web  Site  Item#  CSIHOTGUN-2 


> Soldering  Equipment  & Supplies  > Soldering  Irons 


# P P 

|$89.00 1 


As  Low  As 

$93.00! 


Dual  Output  DC  Bench  Power  Supplies 

High  stability  digital  read-out  bench  power  supplies 
featuring  constant  voltage  and  current  outputs.  Short- 
circuit  and  current  limiting  protection  is  provided. 

SMT  PC  boards  and  a built-in  cooling  fan  help  ensure 
reliable  performance  and  long  life. 

•Source  Effect:  5xlO"4=2mV  

-Load  Effect:  5xlO“4=2mV  ( HOT 

‘Ripple  Coefficient::  <250uV  \^ITEM! 

-Stepped  Current:  30mA  +/-  1mA 
*Both  Models  have  a 1A/5VDC  Fixed  Output  on  the  rear  panel* 

CSI3003X-5:  0-30v/0-3amp/l-4..$97.00/5+..$93.00 
CSI5003X-5:  0-50v/0-3amp/l-4..$107.00/5+..$103.00 

N Details  at  Web  Site  > Test  Equipment  > Power  Supplies 
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Circuit  Specialists,  Inc.  220  S.  Country  Club  Dr.,  Mesa,  AZ  85210 
800-528-1417  / 480-464-2485  / FAX:  480-464-5824 


CircuitSpecialists.com  CircuitSpecialists.com  CircuitSpecialists.com 


f 3M™  DataCom  Cable  Tester 

| unbeatable  price  This  unit  allows  for  mapping,  testing  and 
troubleshooting  of  various  lines,  includ- 
ing installed  data  communi- 


Onl 

$49 


% 


cations,  phone  wiring  and 
coaxial  cable  runs.Performs 
multiple  test  on  the  following 
cable  types,  up  to  1000  feet  in  length: 
Unshielded  telephone  cables  with  RJ-11 
and  RJ-45  connectors;  Ethernet  10  (100) 
Base-T;  Token  Ring;  EIA/TIA-568  A/B; 
AT&T  258a;  USOC;  50  or  75  ohm  Coax 
with  F or  BNC  connectors. 

Details  at  Web  Site  Includes:  Holster,  Case,  7 Remotes  & Telecom  Alligator  Clips 


Item#  DT-2000 


V. 


> Test  Equipment  > Specialty  Test  Equipment 


RF  Field  Strength  Analyzer 

Compare  at  Over  $2000! 

The  3201  is  a high  quality  hand-held  RF 
Field  Strength  Analyzer  with  wide  band 
reception  ranging  from  100kHz  to 
2060MHz.The  3201  is  a compact  & 
lightweight  portable  analyzer  & is  a must 
for  RF  Technicians.  Ideal  for  testing, 
installing  & maintenance  of  Mobile 
Telephone  Comm  systems,  Cellular 
Phones, Cordless  phones,  paging  systems, 
cable  &Satellite  TV  as  well  as  antenna 
installations.May  also  be  used  to  locate 
hidden  cameras  using  RF  transmissions 
| Limited  Time  Offer  \ 


New  Fantastic 
Low  Price: 
$1299.00! 


A 


• WFM/NFM/AM/S  SB  modulated  signals  may 
be  measured. 

•Signal  Levels  up  to  160Channels  can  be 
displayed  simulaneously  on  the  LCD 
•PLL  tuning  system  for  precise  frequency 
measurement  and  tuning 
•Built-in  Frequency  Counter 
•LED  Backlight  LCD  (192x192  dots) 

•All  fuctions  are  menu  selected. 

•RS232C  with  software  for  PC  & printer 

interface  (Includes  Antenna) 

•Built-m  speaker  ' y 


Item#  3201 

Details  at  Web  Site  > Test  Equipment  > RF  Test  Equipment 


BAG  of  LEDs  DEAL  Normal  brightness  LEDs  now  available  in  RED, 

GREEN  or  YELLQ\  in  3mm  or  5mm  sizes. Your 
choice.  Each  bag  contains  100  of  the  same  LEDs. 


A 


BAG-RED3MM $1.50  BAG-RED5MM $1.50 

BAG-GREEN3MM $1.50  BAG-GREEN5MM $1.50 

BAG-YELLOW3MM...$2.00  BAG-YELLOW5MM...$2.00 


53B3SCS08...5mm  Blue 
Super  Bright  5G3UTB-2...  5mm  Green 


SB  LED(1500max  MCD)  1+  $0.70  /10+  $0.65  /100+  $0.60 
SB  LED(llOOmaxMCD)  1+  $0.45  /10+  $0.35  /100+  $0.30 
5R3UT-2/R...5mm  Red  SB  LED(3500max MCD)  1+  $0.25  /10+  $0.20  /100+  $0.15 
LEDS  Deal:  53BW3SCC08..5mmWMte  SB  LED(350Gmax  MCD)  1+  $ 1 .69  /10+  $ 1 .49  /100+  $ 1. 1 8 
5Y3STC-2 5mm  SB  LED(3500max  MCD)  1+  $0.25  /10+  $0.20  /100+  $0.15 


Details  at  Web  Site  > Semiconductor  Devices  > LEDs,  Displays  & Lamps 


^^C5001  2 Way  FM  Radio  Tester/ FC6002  Radio  Frequency  Iracei^ 
The  FC5001  2-way  FM  radio  tester  has  the  ability  to  I 
lock  automatically  and  almost  instantly  on  to  any  FM 
signal  within  its  frequency  range.  The  FC6002  radio 
frequency  tracer  is  useful  in  locating  stuck  transmit- 
ters or  bugging  devices  in  a room  or  automobile.  It 
excels  at  silent  detecting  RF  signals  for  RF  security 
and  counter-surveillance  applications. 


FC5001:  $99.00 1<  ^ 1®©^%  >|FC6002:  $149.00  * |3L 
Details  at  Web  Site  > Test  Equipment  > RF  Test  Equipment  J 

— \ 
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S SONY  Super  HAD  CCD  Color  X 

Weatherproof  IR  Camera  ' 


•Day  & Night  Auto  Switch 
•Signal  System:  NTSC 

•Image  Sensor:  1/4"  SONY  Super  HAD  CCD 
•Effective  Pixels:  510  x 492 
•Horizontal  Resolution:  420TV  lines 
•Built-in  Lens:  4.3mm 
•S/N  Ratio:  > 48dB  (AGC  OFF) 

•Min.  Illumination:  OLux 


i 


l-4:$89.00  5+:$79.00 


V. 


Item#  VC-819D 


Details  at  Web  Site 

> Miniature  Cameras(Board, Bullet, Mini’s,  B/W,  Color) 


/SONY  Super  HAD  CCD  Color 
Weatherproof  IR  Cameras 

Day  & Night  Auto  Switch 
Signal  System:  NTSC 

Image  Sensor:  1/3"  SONY  Super  HAD  CCD 
Effective  Pixels:  510  x 492 
Horizontal  Resolution:  480TV  lines 
Built-in  Lens:  6mm/F1.5 
S/N  Ratio:  > 48dB 

Min.  Illumination:  OLux  Item#  VC-827D 
Details  at  Web  Site  1-4:$149.00  5+:$139.00 

> Miniature  Cameras(Board, Bullet, Mini’s,  B/W,  Color)  ^ 


r SONY  Super  HAD  CCD  B/W 
Weatherproof  IR  Camera 

•Day  & Night  Auto  Switch 
•Signal  System:  EIA 
•Image  Sensor:  1/3"  SONY 
Super  HAD  CCD 
•Effective  Pixels:  510  x 492 
•Horizontal  Resolution: 

420TV  lines 

•Built-in  Lens:  6mm/F  1.5  ^ 

•S/N  Ratio:  > 48dB 
•Min.  Illumination:  OLux 


SONY  Super  HAD  CCD™ 

equipped  camera's  feature  dramatically 
improved  light  sensitivity 


/SONY  Super  HAD  CCD  Color  Camer a\ 

Item#  VC-805  l-4:$69.00  5+:$65.00 

• Weather  Proof 
•Signal  System:  NTSC 
•Image  Sensor:  1/4"  SONY 
Super  HAD  CCD 
•Effective  Pixels:  510  x 492 
•Horizontal  Resolution:  420TV  lines 
•Lens:  3.6mm 
•S/N  Ratio:  > 48dB 
•Min.  Illumination:  lLux/F1.2 

Details  at  Web  Site 

X > Miniature  Cameras(Board,Bullit, Mini’s) 


SONY  Super  HAD 
CCD  Mini  B/W  Board 
Camera 

Item#  VC-103 

Signal  System:  EIA 
•Image  Sensor:  1/3"  SONY  Super"* 
HAD  CCD 

•Effective  Pixels:  510  x 492 
•Horizontal  Resolution:  420TV  Lines 
•Lens:  3.6mm/92°  Angle  of  View 
•Min.  Illumination:  .05Lux/F1.2 

l-4:$33.00  5+:$29.00 

Details  at  Web  Site 

> Miniature  Cameras 


rsS& 


l-4:$69.00  5+:$65.00  Item#  VC-317D 

Details  at  Web  Site 

> Miniature  Cameras(Board,Bullit, Mini’s)  J 


pei 

Pinhole  Camera 

Signal  System:  NTSC 

Image  Sensor:  1/3"  SONY  Super  HAD  CCD 
Effective  Pixels:  510  x 492 
Horizontal  Resolution:  420TV  lines 
Lens:  3.8mm/F2.0  Pinhole/900  Angle  of  View 
Min.  Illumination:  0.8Lux/F1.2 
S/N  Ratio:  > 48dB  N O W : $ 4 8 . 9 

Item#  VC-8063CP  1 1;$70.45- 

Details  at  Web  Site  > Miniature  Cameras(Board,Bullit, Mini’s) 


SONY  Super  HAD  CCD  Mini  Color  Camera 

Signal  System:  NTSC 

Image  Sensor:  1/4"  SONY  Super  HAD  CCD 
Effective  Pixels:  510  x 492 
Horizontal  Resolution:  420TV  lines 
Lens:  3.6mm/92°  Angle  of  View 
S/N  Ratio:  > 48dB 
Min.  Illumination:  l.OLux/F  1.2 
White  Balance:  Auto  tracking  JNOWI$44.95 

. Details  at  Web  Site  > Miniature  Cameras(Board, Bullet, Mini’s,  B/W,  Color) 


Item#  VC-806B 
■U1;$77i00  5i.$73.0r 


0 

V c 


Visit  our  website  for  a complete  listing  of  our  offers.  We  have  over  8,000  electronic  items  on  line  @ www.CircuitSpecialists.com.  PC  based  data  acquisition, 
industrial  computers,  loads  of  test  equipment,  optics,  EC’s,  transistors,  diodes,  resistors,  potentiometers,  motion  control  products,  capacitors, miniature  observation 
cameras,  panel  meters,  chemicals  for  electronics,  do  it  yourself  printed  circuit  supplies  for  PCB  fabrication,  educational  D.I.Y.  kits,  cooling  fans,  heat  shrink,  cable 
ies^&otherwirejiancneingjtemsjicu^ 


Circuit  Specialists,  Inc.  220  S.  Country  Club  Dr.,  Mesa,  AZ  85210 

800-528-1417  / 480-464-2485  / FAX:  480-464-5824 
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WU  # Volts 

OF  BASIC  sJ™. 


We  just  keep  on  providing 
you  with  more  applications! 

The  Nuts  & Volts  of  BASIC  Stamps  books  are 
a favorite  Parallax  technical  pick  and  are  a 
tremendous  informational  resource  for  all 
PBASIC  programming  projects. 

The  latest  in  the  series  - Volume  5,  contains 
the  entire  collection  of  Nuts  & Volts  "Stamp 
Applications"  columns  for  2004.  Including 
popular  columns  that  highlight  topics  such  as 
IR  distance  measuring  for  Halloween  props, 
remote  control  with  Bluetooth,  a drum 
sequencer,  using  the  Javelin  Stamp  as  the 
brain  for  a PLC,  and  more. 

Nuts  & Volts  of  BASIC  Stamps  Volume  #5; 

#70015;  $14.95  Note:  Nuts  & Volts  of  BASIC 
Stamps  Volumes  1,  2 & 3 are  only  available  as  free 
downloads  from  our  website  or  from  the  Parallax  CD. 
Volume  4 currently  has  a limited  quantity  available  for 
purchase,  and  is  also  available  as  a free  download  from 
our  website  or  the  Parallax  CD. 


Applicatii 


toSBBsBE 

' ‘'O'M  Sy„„lfsl 

Dn™  Sequencers 


Order  online  at  www.parallax.com 
or  call  the  Sales  Department 
toll-free  at  888-512-1024 
(Monday  - Friday,  7 am  - 5 pm,  PT). 

BASIC  Stamp  is  a registered  trademark  of  Parallax  Inc. 

Javelin  Stamp,  Parallax,  and  the  Parallax  logo  are  trademarks 
of  Parallax,  Inc.  ©2005  by  Parallax,  Inc.  All  Rights  Reserved. 
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